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Abstract
Desertification is one of the primary threats facing the sustainability of the Earths’s
natural resources. Desertification it is an outcome of human impacts to ecosystems and
alterations of climate patterns resulting in land degradation and adverse effect on natural
resources, vegetation loss, soil infertility, and water scarcity. These changes influence the
existence and distribution of wildlife by reducing the availability and quality of habitat that
provides food, water, cover, and other life requisites. Therefore, this study aimed at evaluation of
potential desertification risks on wildlife species in the Desert Renewable Energy and
Conservation Plan (DRECP) area of California.
The DRECP includes land in seven counties (San Diego, Los Angeles, Kern, Inyo,
Imperial, Riverside, and San Bernardino), and is an area managed to support both renewable
energy and environmental conservation goals. Since the DRECP area is seen as a vital area for
supplying demand through natural ways for wildlife, the relationship between wildlife and land
fertility was explored. An Environmentally Sensitive Areas Index (ESAI) was used to evaluate
the soil, vegetation, and anthropogenic quality of land in the DRECP.In addition, spatial ranges
vii

of wildlife species were overlaid the ESAI to identify the proportions of their habitat that were
rated as non-affected, not very sensitive, or very sensitive to desertification. The results were
used to evaluate which locations and what species were at most potential risk of desertification.
To conclude, results revealed that most of the DRECP area (approximately 99 %) is under
the potential risk of desertification. In addition, many wildlife species in the area are sensitive to
high desertification conditions. Therefore, wildlife species may be impacted by further land
degradation and desertification in the region.
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Chapter 1: Introduction
Desertification is a global and crucial issue associated with the degradation of lands in
arid, semi-arid, and dry sub-humid areas stemming from human intervention to natural systems
and natural factors by alterations in climate patterns (IPCC, 2001). By another definition,
desertification is the negative consequence of human intervention under climatic alterations in
low biological productivity due to desert-dominated conditions (Hellden 1991, Reynolds et al.,
2002). Desertification threatens the sustainability of world resources that according to
estimations, 75 % of the drylands have been partly or significantly exposed to desertification
(Abdi et al., 2013).
Desertification is a process that causes either the complete removal of vegetation or
permanent degradation. Desertification has been documented to adversely affect wildlife by
altering water, vegetation, and other natural resources (Salma et al., 2016) Alterations in the
vegetation system cause challenges to the survival of wildlife (Fekadu and Kumssa, 2020)
because it provides food for survival and reproduction (Robb et al.,2008), water needs in the
absence of freestanding water, and protective cover from predators, human activity, weather, or
1

other disturbances (Leopold, 1933). This study evaluated potential desertification risks to
wildlife species in the Desert Renewable Energy and Conservation Plan (DRECP) area of
California. The DRECP is a conservation area encompassing 10.8 million acres of public lands
in the desert of California and, it is specifically managed to support both renewable energy and
environmental conservation goals. An Environmentally Sensitive Areas Index (ESAI) was be
used to evaluate the soil, vegetation, climate, anthropogenic quality, and overall desertification
sensitivity of land in the DRECP. Spatial ranges of 20 wildlife species were overlaid the ESAI to
identify the proportions of their habitat areas were rated as non-affected, not very sensitive,
sensitive, or very sensitive to desertification. The results revealed that what locations and what
species are at most potential risk of desertification in the DRECP area.
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Chapter 2: Literature Review
2.1. Desertification
2.1.1. Overview
Desert generally refers to an area that has barren climate conditions by taking less than 250
mm precipitation in a year.
Desertification is defined by the United Nations Convention to Combat Desertification
(UNCCD) as the degradation of land (i.e., biological loss or reduction on land) in drylands which
are classified as arid, semiarid, and dry subhumid areas) stemming from a variety of climate factors
and human-induced issues (UNCCD,1994). Desertification is associated with alterations in climate
and adverse human interventions to the natural balance of ecosystems. Factors such as drought,
soil erosion, and vegetation degradation by livestock grazing, mining activities, growth in
population, poverty, and insufficient infrastructure interact to decrease in the quantity and quality
of soil, water, and vegetation, leading to the conversion of fertile lands into desert areas (Ding et
al, 1998; Duan et al., 2019). Desertification is a serious issue that affects three billion people
worldwide and covers about 30 percent of the globe (Akbari et al., 2020). Specifically,
desertification has adverse effects on food security, poverty, accessibility of ecosystem services,
3

and the welfare of the communities (Viera et al., 2021). Therefore, one of the goals set by UNCCD
is to reduce the effects of desertification on lands that are prone to desertification through taking
measures in favor of preserving biodiversity and minimizing climate change, so mapping the
severity of desertification and impacts on the environment and society are research priorities
(Middleton et al., 2009- Valderrama et al., 2020).
2.1.1.1. Land degradation
The land is an integral part of the earth since it includes a wide range of ecosystem members
supporting sustainability of the living systems (Intergovernmental Panel on Climate Change
[IPCC],2019). Therefore, land degradation has an adverse effect on not only the sustainability of
humanity but also plants, animals, and other organisms. Land degradation is defined by the
UNCCD (2016) as “a state whereby the amount and quality of land resources, necessary to support
ecosystem functions and services and enhance food security, remains stable or increases within
specified temporal and spatial scales and ecosystems”. Land degradation is associated with
changes in land cover, urbanization, population growth, the decline in productivity of lands, and
alteration in the proportion of the soil carbon and fertility (Wiesman, 2009; Akhtar-Shuster et al.,
2017). Areas at most risk of desertification generally are arid lands and fragile, transitional zones
that border existing deserts (Pravalie, 2016)
4

2.1.1.2. Arid Lands
Drylands are defined as regions where evaporation exceeds precipitation. Therefore, these
regions are mainly characterized by water scarcity. Quantitatively, arid lands are defined as those
with an Aridity Index (AI), the ratio of precipitation and potential evapotranspiration (PET) over
the multiannual period, of less than 0.65 (Middleton and Thomas, 1997). Annual precipitation in
arid lands is generally between 200 to 350 mm per year, and the interannual variability is 50 to
100%. Arid land vegetation typically consists of scattered plants, including shrubs, bushes, small
woody shrubs, and succulent, thorny, or leafless shrubs. Semi-arid regions generally receive
from 300 to 400 mm precipitation annually and the variability in precipitation generally occurs
with the percentage of from 25 to 50%. Vegetation in semi-arid regions includes steppe, dry
savannah, and tropical shrubs with scattered good pasture areas.
Hyper arid areas where the precipitation has 100% variability are not optimal options for
any vegetation type. (Barakat, 2009). Since drylands include a great amount of biological
community (Schimel, 2010) ; theyplay a great role in sustaining the function of ecosystems
(Maestre, 2012a; 2012b), ecological balance (Badreldin and Goossens, 2015;), and food needs
(El-Beltagy and Madkour, 2012).

5

2.1.1.3 Desertification in America Continent
Drylands are significant terrestrial environments as they include the largest biome on the
Earth (Schimel, 2010). Drylands cover more than 40% of the entire surface of the Earth where
more than 2 billion (90% in developing countries) people lead their lives (Safriel et al., 2005).
Asia (%30), Europe (13%), North and Central America (10%), South America (9%), and
Australia and Oceania (2%) have been the most affected continents respectively.
In North and Central America, approximately one-third (7.6 million km²) of the region has been
covered by drylands. The western side of the United States has been covered with semi-arid
conditions that cover 2.8 million km² or 30% of the whole region's land surface in the United
States. In addition, the Great Basin, Major (US), Sonoran, and Chihuahuan (US and Mexican)
deserts have arid conditions. It is estimated that 75% of the world’s drylands on earth have been
degraded (Abdi et al., 2013).
2.1.2 Risk Factors and Causes of Desertification Process
Several studies have shown that a couple of significant factors such as human activities
and climatic factors have directly affected the severity of land degradation and desertification
(IPCC, 2014; UNCCD, 2016; Cowie et al., 2018). Therefore, desertification can be identified as
the decline in productivity of land and the creation of new landscapes which are prone to aridity
6

(arid, semi-arid, and subhumid areas) because of the human intervention to nature and, the
alterations in climatic parameters (rainfall, temperature, humidity) (Geist and Lambin, 2004).

Figure 1.Desertification Causes (Medalus Methodology, Sephr et al.,2011)
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2.1.2.1 Anthropogenic Factors
Since the population in the world has been increasing rapidly, pressure on the
environment reduced sustainability of ecosystems. The population of the world was 2.53 billion
in 1950, increased to over 6 billion by 2000, and is projected to reach almost 10 billion by 2050
(UN, 2017). As a result of this, demand for food and resources has significantly increased and
put considerable pressure on lands (Maximillian, Brusseau, Glenn, & Mathias, 2019).
Deforestation and the corresponding increase in agricultural areas have been important drivers of
land degradation. For instance, the land area globally on the earth covers 13.2 billion ha with
more than 1.5 billion ha of agricultural lands and more than 3.5 billion ha of forests. In addition,
since 1961, cultivated land has grown by almost 160 million ha and croplands have placed 6
million km² of forests and almost 5 million km² of savannas, grasslands, and steppes (FAO,
2011). Agricultural activities small or large scale, urbanization, and wood collections with the
aim of gaining fuel from it are the main factors that support deforestation and eradicate forest
existence (FAO, 2012). A variety of factors such as poverty, political instability, overgrazing,
and corrupt irrigation practices also have led to a decline in the fertility of land as well (Reynolds
and Stafford Smith 2002). In addition to a great amount of agricultural conversion,
mismanagement of agricultural practices may cause the acceleration of the land degradation by
8

means of soil erosion, organic carbon, pollution of metal, or losses of nutrients as well (Smith et
al., 2016). As a result, loss of biodiversity and human intervention to ecosystem services are seen
the most important two factors that put pressure on natural systems (OECD, 2018).
2.1.2.2 Climatic Factors
Climate change has a profound influence on the desertification process since it plays a
significant role in the availability of regional water, soil moisture, and alteration in vegetation
cover ( Huang et al., 2009; Sivakumar, 2007; Wang et al., 2009).To illustrate, the Sahel region is
exposed to desertification because of the drought in Africa and the warming of the tropical
oceans particularly in the Pacific and Indian oceans according to a variety of global climate
models. (Giannini et al., 2008). According to Hellden (1991) and Tucker et al. (1991) the
boundaries in deserts are dynamic, with annual rainfall playing a primary role in the
desertification process, so reductions in precipitation can lead to declines in vegetation. Charner
was the first one suggesting that declines in vegetation cover might lead to an increase in land
albedo, increasing radioactive cooling and leading to a reduction in rainfall. In addition,
according to several global climate models, global warming may cause a reduction in soil
moisture over the semi-arid grasslands in North America and Asia (Seneviratne et al., 2010).
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Desertification also caused social and political instability in drylands by means of the adverse
effect of dust storms, flash flooding, terrestrial carbon, and nitrogen pools. (Huang et al., 2006;
Tang, An, & Shangguan, 2015). Thus, these crucial factors combine to cause decreases in the
sustainability of vegetation cover.
2.1.2.3 Environmental Factors
Arid and semi-arid regions are generally prone to be exposed to environmental and socioeconomic issues that degrade soil and land productivity (Sousa et., al 2012; Zhao et al.2009).
Soil is one of one the fundamental factors that accelerate desertification. In addition,
desertification plays a vital role in declines of physical, chemical, and biological features of the
soil and those alterations cause the change in the quality of soil hydrological characteristics,
erosion resistance, nutrients use, cycle in elements, and the storage in carbon capacity (Lavado
Contador et al. 2009; Agır et al. 2017). Therefore, the function of the soil could be irreversible
(Imamoglu and Dengiz, 2019). The relationship between desertification and soil is determined
with the use of the Soil Quality Index which measures the function of the soil with the natural or
artificial ecosystem boundaries and to provide plant production despite soil degradation
(Karlen et al., 1997).
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Another driving factor that accelerates the desertification process is the removal of
vegetation cover which is a significant biological part of terrestrial systems. Vegetation removal
has numerous effects on the conservation of the soil and water and contribution to atmospheric
circulation and reduces the greenhouse adverse impact on the surface (Sun et al., 2015).
Reduction in the vegetation cover by human intervention such as deforestation and climate
change (precipitation and temperature) drives the desertification process disfavor of ecological
sustainability. (Wang et al.,2021)
2.2 Desertification and Wildlife
Wildlife is generally attributed to terrestrial animal species which are not domesticated;
however, it covers all type of organisms that leads their life or grow in the form of wildlife in a
region without the intervention of human (Usher, M.B 1986). Wildlife species can be recognized
in a variety of places which are deserts, forests, rainforests, plains, grasslands, wetlands, and
developed urban areas according to their adaption process to these places (Harris et., al
2009).Wildlife populations need food, water, and cover in order to survive. Therefore, any
changes in these factors can impact wildlife populations. Desertification is a vital severe process
that causes the removal of vegetation or permanent degradation which has an adverse effect on
wildlife (Salma et al., 2016). In addition, the decline in the number of wildlife animals and plants
11

are seen as an early sign of the desertification process because deforestation and the conversion
of natural lands from the anthropogenic uses such as croplands or other agricultural uses leads to
adverse impact on native wildlife. Likewise, habitat loss is associated with desertification leads
to poor reproduction and survival (Fekadu and Kumsa, 2020).
Human pressure on the lands has a profound effect on the reduction in natural habitats that
biodiversity has been directly impacted by the conversion of natural habitats to anthropogenic
uses (OECD, 2018). Deforestation, urban development, agriculture, and other harmful human
activities to natural habitat systems have led to alteration of the Earth’s landscapes that such
harmful disturbances will exhibit their negative consequences in the long term (Lubowski et al.,
2006). For instance, according to Kioko (2006), Kenya’s savanna wildlife rangelands have been
suffered from the rapid increase in the number of people population that has converted natural
lands to anthropogenic activities for the last decades. In addition, the decline in fertility has
caused the decline in habitat for wildlife animals (Eken et al., 2004; Reis et al., 2021).
2.2.1 Limiting Factors for Wildlife
A limiting factor is some variable that limits a wildlife population from growing (Paris et
al., 1992). For example, food, cover, soil, water, disease, predation, and other variables are
examples of limiting factors that can limit population growth.
12

Food is vital for wildlife populations providing energy and nutrients required for survival
and reproduction (Robb et al.,2008). Scarcity of food can create competition among wildlife
populations. . Wildlife requires cover for a variety of activities other than feeding, including
reproduction, resting, hiding from hunters or predators, and traveling. In addition, the cover
provides protection from extreme weather conditions such as hurricanes, sandstorms, and heavy
rain. It is accepted that soil plays a vital role in the wildlife population in terms of contribution of
the growing vegetation cover, providing minerals, and serving as habitat for burrowing species,
soil type, depth, and quality can also act as limiting factors (Reis et al., 2021). All wildlife
species also need water (Leopold 1933). Water needs can be provided by free-standing water,
dew, or moisture in food. Other limiting factors include those that directly cause mortality, such
as accidents, hunter harvest, disease, or predation, as well as those that indirectly suppress
reproduction, such as genetic disorders.
2.2.2 Limiting Factors for Wildlife in Degraded Areas
A variety of limiting factors that are vegetation changes, soil degradation, and,
hydrological changes profoundly affect the sustainability of wildlife. These limiting factors lead
to competition in terms of meeting the vital needs of wildlife species.
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2.2.2.1 Vegetation Changes
The sustainability in wildlife requires an abundant and fertile habitat population in terms
of providing wildlife animals with food; however, the growth in human populations and their
associated demands for resources put pressure on the environment (Maximillian, Brusseau,
Glenn, & Mathias, 2019). Vegetation changes can have large impacts on wildlife, as habitat loss,
fragmentation, and degradation can impact both mortality and fecundity through a variety of
mechanisms including desertification which can lead to food scarcity (Rhodes et al., 2011).
According to Elston and Hewitt (2010), food is often limiting in areas experiencing
desertification, as the arid conditions and harsh climates can deplete vegetation. This is because
vegetation changes often include declines in palatable grasses and increases in unpalatable
annuals and shrubs (Belsky, 1995). However, declines in herbivores can also lead to declines in
their predators, resulting in significant biodiversity loss in degraded areas across trophic levels.
In addition to impacting food availability, vegetation changes associated with desertification
impact wildlife cover. Vegetation serves as a cover for most wildlife species, so vegetation losses
remove important cover resources. Changes in vegetation type can eliminate preferred cover
types and lead to population declines. In addition to habitat loss, desertification can also lead to
changes in the remaining vegetation, such as a reduction in canopy cover and leaf area. These
14

impacts can change microclimates, rendering locations unsuitable for species that cannot tolerate
increased temperatures (Lejeune et al. 2015).
The severity of desertification can also be exacerbated by water and wind erosion,
especially in comparison to shrubland and grassland habitats .In addition, nutrient loss
associated with declines in soil fertility negatively affects wildlife by causing malnutrition,
which can cause mortality or reduced reproductive rates (Chen et al.,2019)
2.2.2.2 Soil Degradation
Degradation of lands and removal of vegetation, as well as disturbance of surface soils
regarding conversion to croplands, causes the severity of erosion and loss of surface soil
nutrients. Conversion of natural lands to agricultural areas leads to a decrease in soil fertility (D.
L. Jones et al., 2013; Rickson et al, 2015; Stoorvogel et al., 1993; Tan et al., 2015).
2.2.2.3 Hydrological Changes
Alterations in climate parameters directly affect the water availability that play a vital role
in wildlife sustainability, as precipitation may be reduced or evapotranspiration increased.
Wildlife that lives in arid and semi-arid regions adapt themselves through the development of
behavioral and physiological features in order to survive in the time of scarcity or absence of
water (Rich et al., 2019). Changes in water and succulent vegetation availability post threats to
15

even arid-adapted species. As a result, water scarcity is commonly a limiting factor for wildlife
in degraded, arid areas (Krausman et al., 2006)
2.3 Geographic Information System and Desertification Analysis
Several methods can be used to designate the potential desertification risk in an area but
with the advent of technology, GIS and remote sensing have been used for a couple of decades.
Therefore, GIS and remote sensing tools have been used to measure, monitor, and determine the
desertification sensitivity of an area. Thus, stakeholders, land managers, the government are able
to make decisions with regard to potential desertification risk (Sobhani et al., 2017).
One of the methods that are used in the GIS is the coupling method, including loose and
fully tight. This method provides users with the cartographic property of GIS and offers
flexibility to decide on suitable models for their projects. However, it includes some
disadvantages such as the development of tools in order to format data appropriately. As for tight
coupling, this model includes the integration of GIS, and its programming languages to analyze
the functions in the same base. Thus, model users do not need to have advanced knowledge or
experience to use this method (Santini et al.,2010).
In addition, GIS has become one of the most important tools to determine and monitor the
change of geomorphologic features of rivers by using its synoptic data. GIS is used with remote
16

sensing since it includes quick, cheap, and accessible historical data to reveal the morphologic
change in the river and its effect on the river channels. However, it requires sufficient knowledge
about the study area in detail to avoid potential errors in the area (Bizzi et al., 2016).In addition,
classification is vital in this method to obtain the correct results. Thus, it includes some risks to
using Gis and remote sensing data in this type of study (Langat et al.,2019).
GIS includes a variety of analysis techniques that OLS global regression method is one of
these best-known techniques which can be used to evaluate the desertification results in an area.
For example, remotely sensing data and GIS were used in Jordan which has different land types,
large geographical areas, and biophysical complexity.
Thus, GIS and remote sensing data were used to determine the effect of soil erosion and
drought on desertification risk (Jawad et al., 2014).
GIS is also used in MEDALUS (Mediterranean Land Use) consisting of a geometric
average of the Vegetation Quality Index, Climate Quality Index, Anthropic Quality Index, and
Climate Quality Index was used to measure the potential desertification risk in the DRECP area.
MEDALUS method was used in Hodna,Algeria to designate the sensitivity of land degradation
where the MEDALUS methodology via GIS to display the potential desertification risk
(Boudjemline et al.,2018). In addition, MEDALUS was used in a variety of locations such as in
17

Iyzad Khan Plain (Iran) to determine the desertification risk by using four different indexes
which were soil, climate, vegetation, and land use (Farajzadeh and Egbal, 2007). It was also used
in the southwest part of Iran (Mazayejan Plain) using six different indexes (soil, climate, plant
cover, management, erosion state, and groundwater (Zakerinejad and Masoudi, 2019). In
addition, MEDALUS was used in Morocco to designate the desertification risk by the
combination of four indexes which were soil, climate, vegetation, and management quality
(Lamqadem et al.,2018). GIS and remote sensing data were also used in the north Nil delta to
determine the ESAs (Environmentally Sensitive Area) (Abuzaid and Abdelatif, 2022).
Since the MEDALUS method is common in the determination of desertification risk areas and
includes mathematical equations which mean no need to have the same number of classifications
in an area unlike weighting methods which require the same number of classification in GIS, the
MEDALUS methodology became the most important part of the methodology in this study.
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Chapter 3: Goals and Objectives
This study will evaluate potential desertification risks to wildlife in the Desert Renewable
Energy and Conservation Plan (DRECP) area of California. The research objectives are:
(1) To map analyze the desertification risk based on environmental and human-induced factors
the DRECP area using an environmental sensitivity index;
(2) To map and quantify potential desertification risks to wildlife species found in the DRECP.
This research will answer the following research questions:
1. What locations of the DRECP area are at most risk for desertification?
2. Which wildlife species and how much of their habitat is at risk for desertification?
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Chapter 4: Study Area and Methodology
4.1 Study Area
The study includes the DRECP (Desert Renewable Energy and Conservation Plan) area of
California (Figure 1). The DRECP includes land in seven distinct counties (San Diego, Los
Angeles, Kern, Inyo, Imperial, Riverside, and San Bernardino) and is an area managed to support
both renewable energy and environmental conservation Mojave and Sonoran/Colorado desert
regions.
The DRECP is identified as an innovative and landscape planning effort and it
encompasses 22.5 million acres (DRECP Gateway). Land areas related to each country in the
DRECP region take part in table 1. Specific areas such as military, tribal, urban and highway
areas are covered in the DRECP plan but are not taken into considiration for energy development
or conversation in the DRECP area. In addition, the DRECP has been developed by the
California Energy Commission, the California Department of Fish and Wildlife, the U.s Bureau
of Land Management (BLM), and the U.S Fish and Wildlife Service in order to identify utilityscale by means of wind, solar, and geothermal energy projects. (Desert Renewable Energy
Converstation Plan). The DRECP supports the development of renewable energy on public lands
20

by the generation of electricity up to 27,000 megawatts and it is projected to meet 50 percent of
the electricity demand of the state by 2030 through this prolific plan.
The California desert is a unique landscape that includes tremendous renewable energy
development resources which are the best wind, solar and geothermal resources worldwide.
In addition, the California desert landscape is home to a variety of sensitive and endangered
species, cultural resources, and significant recreational places. Conservation plans are an integral
part of the DRECP that endangered species such as plants and animals are under the protection in
this plan in the face of the climate change process. Lands designated for conservation of wildlife
corridors and 3 national parks, 3 national monuments and 70 BLM (Bureau of Land
Management) wilderness areas and 5 national Forests are also will secure the wildlife in this
plan. The conservation plans have been carried out based on the legacy of Congress in 1976 and
50 sensitive animals and plant species and 37 unique habitats are identified for conservation plan.
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Figure 2.Study Area displaying the land use types in the DRECP area.
Mapped data from the Conservation Biology Institute licensed under CC by-ND 3.0
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4.1.1 Climate Conditions in the Region
Counties in the DRECP region have distinct climate conditions from arid and semi-arid to
Mediterranean climate types. This difference stems from the alterations in the amount of
precipitation, temperature, and elevation. Climate types with regard to each country are shown in
the table. California, which involves a great number of desert regions such as Sonoran Deserts,
Mojave Deserts, Great Basin deserts in the United States, has experienced water scarcity and
ambiguity since the amount of precipitation has been declined in the last century (Moser et al.,
2012). In addition, the temperature in California has been increased (1.68 °C) between modern
and historical periods. (Rapacciuolo et al., 2014).
4.1.2 Vegetation Types in the Region
Vegetation types vary with regard to climate conditions in the region. For instance, the
regions which have arid climate conditions generally show desert fauna vegetation types. As seen
in table 1, regions have distinct vegetation types from chaparral and riparian woodlands to
grasses, shrubs.
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4.1.3 Wildlife Species in the Region
As for wildlife species, a wide range of wildlife species from shorebirds, waterfowl,
bluebirds, desert tortoise, bears, to brush rabbit, agaunga, bald eagles.
DRECP project aimed at the conservation of a wide range of wildlife species which
Antrozous pallidus, Macrotus californicus, Corynorhinus townsendii, Xerospermophilus
mohavensis, Rallus longirostris yumanensis, Toxostoma bendirei, Melanerpes uropygialis,
Athene cunicularia, Empidonax traillii extimus, Aquila chrysaetos, Laterallus jamaicensis
coturniculus, Grus canadensis, Gymnogyps californianus, Vireo bellii pusillus, Agelaius tricolor,
Coccyzus americanus, Charadrius montanus ,and Phrynosoma mcallii, Uma scoparia and,
Batrachoseps stebbinsi)
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Table 1.Demographic and Ecological Properties of Counties in DRECP
County

Land Area
(ha)

Population

Climate

Covers

Wildlife Species

Coastal sage,
chaparral,
riparian woodland,
vernal pools

Grasses and shrubs

Shorebirds,
waterfowl,
light-footed calapper
rail, snowy plower
etc.
Black toad, golden
trout, slender
salamander, sierro
bighorn sheep, mule
deer bluebird etc.
Coyote, bears,
bobcats,
bats, shrews,
porcupines etc.
Coyote, bears,
mountain, lions, fox,
raccoon, etc.
Brush rabbit,
kangaroo, long-tailed
weasel etc.

San
Bernardino

11982000

2035210

Mediterranean
to
Semi-arid

Inyo

298000

18546

Arid-Semi-arid

Imperial

277500

174528

Mediterranean
to
Semi-arid

Riverside

214000

2189641

Mediterranean

Kern

1746000

839631

Semi-arid

Los
Angeles

680000

10039107

Arid

San Diego

26000

3095313

Mediterranean
to
Semi-arid

Grand
Total

22585000

18391976

Coastal sage,
chaparral,
riparian woodland,
vernal pools
Coastal sage,
chaparral,
riparian forest
Grasses and shrubs

Coastal sage scrub,
chaparral shrub
land, and, riparian
woodland

Chaparral

Bald eagles, yuma
clapper rail etc.

Bears, beaver,
great blue heron, red
tailed hawk, etc.

(Data were collected from the official web sites of the each counties)
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4.2 Data Collection
GIS was an integral part of the study since it enabled a variety of methods that facilitate
the analysis of desertification factors one by one the region and through layers mapping different
environmental factors. Soil, climate, vegetation, and anthropologic quality indexes were created
and analyzed by GIS. In addition, wildlife species ranges were using GIS.
Soil data (texture, drainage, depth, and parent material) were collected from Data Basin
and slope data, and DEM data were collected from USGS to create the slope and aspect maps
related to the area.
As for climate data, precipitation data were collected from USDA Geospatial Data
Gateway. Aridity data were obtained from Data Basin.
Vegetation data (Wind erosion, drought resistance, and plant cover) were collected from the
data basin. Fire threat data were obtained from the California state official website.
Anthropogenic factors (Population growth, Population density) was obtained from Us
Census Bureau. Grazing density data was collected from the data basin. As for road network
density, it was downloaded from California official website.
A resolution of 200 m was used to create the maps of each of the indices, indexes, and
distribution of wildlife species in the study (Table 2).
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Table 2.Data sources and time
DATA NAME
TEXTURE
DRAINAGE
DEPTH
SLOPE
PARENT
MATERIAL
ARIDITY
PRECIPITATI
ON
ASPECT

DAT
E

SOURCES LINK

2013
2000
2000
2000
2011

https://websoilsurvey.sc.egov.usda.gov/App/WebSoilSurvey.aspx.
https://www.sciencebase.gov/catalog/item/542aebf9e4b057766eed286a(DEM)
Soil Properties Download Page | California Soil Resource Lab (ucdavis.edu)
https://www.sciencebase.gov/catalog/item/542aebf9e4b057766eed286a(DEM)
https://databasin.org/maps/new/#datasets=ded4a366346d4de493ba6e336530c690
https://databasin.org/datasets/56949e994c0b45d58fe94d0d6c80c626
https://datagateway.nrcs.usda.gov/GDGOrder.aspx

POP GROWTH

2015
19812010
20002008
2010

POP DENSITY

2010

GRAZING DEN
ROAD NET
DEN
PLANT COVER
FIRE RISK
MAP
WIND
EROSION
DROUGHT
MAP

2013
2013

https://www.census.gov/programs-surveys/decennialcensus/data/datasets.2010.html
https://www.census.gov/programs-surveys/decennialcensus/data/datasets.2010.html
https://databasin.org/datasets/958719f2359e40b99ca683d1a473ba8d/
https://databasin.org/datasets/958719f2359e40b99ca683d1a473ba8d/

2014
2017

https://databasin.org/datasets/0a419342ec904b3c8fc710003f52ebe0/
https://frap.fire.ca.gov/mapping/gis-data/

2021

Soil Properties Download Page | California Soil Resource Lab (ucdavis.edu)

19952012

http://app.databasin.org/app/pages/datasetPage.jsp?id=698713debc214624bc508c99
899de309

https://www.sciencebase.gov/catalog/item/542aebf9e4b057766eed286a (DEM)
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4.3 Methodology
A variety of methods were used in the study in order to reveal the effect of desertification
results on wildlife. In general, desertification can be explained by the combination of the socioeconomic factors and biophysical, instead of factors by a simple variable (LAMBIN et al. 2009).
In addition, any alteration in precipitations can directly trigger the factors that affect the land
degradation that has a profound effect on desertification. According to many scientists, human
activities play an influential role in the desertification process (Cornet 2002; Katyal, Vlek 2000;
Le Houerou 1996; Warren, Agnew 1988). In the study, the MEDALUS (Mediterranean
Desertification and Land Use) model is used to describe the sensitivity to desertification in
Mediterranean ecosystems by means of mapping including a variety of indexes including soil
quality, climate quality, vegetation quality, anthropic quality (Boudjemline & Semar
2018). (Figure 3).
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Figure 3. ESAI (Environmentally Sensitive Areas Index)
4.3.1 MEDALUS Methodology
In the MEDALUS methodology, soil quality index (SQI), climate quality index (CQI),
vegetation quality index (VQI), and anthropic quality index (AQI) are used to explain the
sensitivity of desertification risks in an area. Desertification risk analysis is fundamentally
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determined by employing the Environmentally Sensitive Areas Index (ESAI) which is the degree
of the susceptibility of the ecosystem to the external interventions such as stress which is put by
anthropogenic factors and natural climatic, biological, geodynamic factors (Trotta et al., 2015).
The Medalus method is used from sub-regional projects to national projects (Basso et al., 2012;
Kosmas et al., 1999). The ESAI is calculated using 4 distinct indices which are Soil Quality
Index, Vegetation Quality Index, Climate Quality Index, and Anthropic Quality Index; these four
indices are combined to produce a final index representing desertification risk. Generally, the
ESAI is applied using a geographic information system (GIS), where each raster cell in a map is
given an index value based on all the features that overlay it.
In addition, indices are improved by identification of indicator factors and each factors were
assignied with their importance level by establishing and, MEDALUS model to determine the
numerical aggregation model and to evaluate the desertification risk in DRECP area.
4.3.1.1 Soil Quality Index
Soil has a profound effect on terrestrial ecosystems in terms of providing physical support
and supplying nutrients to the plants. However, desertification-induced areas such as arid and
semi-arid regions are generally prone to be exposed to environmental and socioeconomic issues
that degradation of soil and decline in the land productivity are the crucial consequences of the
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desertification process (Sousa et., al 2012, Zhao et al.2009). Therefore, lack of soil quality leads
to accelerate desertification to great extent. In addition, desertification plays a vital role in the
decline in physical, chemical, and biological features of the soil and those alterations cause the
change in the quality of soil hydrological characteristics, erosion resistance, nutrients use, cycle
in elements, and the storage in carbon capacity (Lavado Contador et al. 2009; Agır et al. 2017).
Therefore, a soil quality index should be used in order to determine the desertification risk
analysis in a region.
SQI (Soil Quality Index) comprises five variables which are topographic surface, soil
surface, soil texture, soil depth, parent material, and drainage which will be utilized to determine
the sensitivity of desertification (Kosmas et al. 1999 and Basso et al. 2012). The SQI rates each
of these parameters on a scale of 1.0 to 2.0, based on their severity and incorporates them into an
overall index using the following equation:
SQI : 𝟓√𝐓𝐞𝐱𝐭𝐮𝐫𝐞 ∗ 𝐃𝐫𝐚𝐢𝐧𝐚𝐠𝐞 ∗ 𝐃𝐞𝐩𝐭𝐡 ∗ 𝐒𝐥𝐨𝐩𝐞 ∗ 𝐏𝐚𝐫𝐞𝐧𝐭 𝐌𝐚𝐭𝐞𝐫𝐢𝐚𝐥
4.3.1.1.1 Soil Texture
Soil texture is generally attributed to erodibility, the capacity of water retention, crusting,
and aggregate capacity. In addition, the sensitivity of lands to desertification is mainly
determined through the use of soil texture classes (Vera et al, 2007) that sand soil texture
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generally refers to areas that are exposed to soil degradation (Wijitkosum, Yolpramote ,2013). In
addition, sandy soil texture means lower water holding capacity that is used to designate the
desertification risk areas (Wijitkosum et al., 2013). For example, if soil texture contains more
clay contents, it causes a decline in permeability. Thus, it causes the increase in surface runoff.
Soil textures are classified and weighted in Table 3.
Table 3. Soil texture classification.
Class

Classification

1

Good

2

Moderate

3

Poor

4

Very Poor

Soil Texture
Coarse sandy loam, Sandy loam, Fine sandy loam, Loam,
Clay Loam Very Gravelly loam, Loamy fine sand, Very
gravelly sandy loam, very gravelly silty loam
Silty Loam ,Silty clay loam, Very channery loam Very cobbly
loamy sand, Very fine sandy loam Very cobbly sandy loam
Very fine sandy loam, Silty clay
Clay Fine sand, Very gravelly fine sandy, very cobbly fine
sandy weathered bedrock
Sand, Coarse sand, Gravelly sand, Cobbly sand

Index
1.1

1.2

1.6
2.0

4.3.1.1.2 Parent Material
Parent materials are a significant factor in the reaction of soil erosion, vegetation, and
desertification process. In addition, it can affect the soil formation process and it provides various
characteristics such as hardness, resistance to external factors, and increase the soil quality
(Kosmas et al. 1999). To illustrate, one of the parent materials which is limestone creates
relatively not depth (shallow) soils with a dry humid. However, soil which is in the form of plysh
creates a deeper and highly vegetated area to be protected from erosion. Therefore, limestone
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parent material leads the area to be decertified and infertile (Basso et al., 2012). Parent material is
classified and weighted in Table 4.
Table 4. Parent material classification.
Class
1
2
3

Classification
Good
Moderate
Poor

Parent Material
Volcanic
Igneous and Metaphoric rocks
Sand dune

Index
1.0
1.7
2.0

4.3.1.1.3. Soil Depth
Soil depth plays a vital role in the determination of water movement and speed and water
storage as well (Imamoglu and Dengiz, 2019). Therefore, plants can utilize the water storage in
deep soil to be grown and wildlife species would benefit from plants as food or habitat. Soil
depth is seen as one of the crucial factors that affect the desertification process affecting the
nutrients capacity, root, mineral reserves, and moisture. In addition, if an area has lesser than 30
cm soil depth, it is more sensitive to desertification and erosion. (Zampoli, 2007). Soil depths are
classified and rated in the Table 5.
.Table 5.Soil depth classification.
Class
1
2
3
4
5
6

Classification
Very shallow
Shallow
Moderate
Deep
Very deep
Excessively deep

Characteristic
0 – 25 cm
25 – 50 cm
50 – 100 cm
100 – 150 cm
150 – 200 cm
>200

Index
4.0
3.0
2.0
1.3
1.2
1.0
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4.3.1.1.4 Slope
The slope is the steepness or the degree of incline of a surface. Slope gradient profoundly
affects the amount of surface water runoff and soil sediment loss. It also accelerates the
desertification process in hilly areas that when the slope gradient exceeds the threshold for the
soil erosion it may cause soil erosion and soil sediment loss. Slope classes are classified and
weighted in Table 6.
Table 6.Slope classes.
Class
1
2
3
4
5
6
7
8

Slope Classes
Depression to level
Very gently sloping
Gently sloping
Moderately sloping
Strongly sloping
Steeply sloping
Very steeply sloping
Extremely sloping

Slope %
0 to 0.5
0.5 to 2
2 to 5
5 to 9
9 to 15
15 to 30
30 to 60
over 60

Index
1.0
1.2
1.3
1.5
1.6
1.7
1.8
2.0

4.3.1.1.5 Drainage
Soil drainage directly affects the soil infiltration capacity and imperfectly or poorly
drained soils are prone to soil erosion since it flows on the surface (Owuor et., al 2018) Soil
drainage condition is employed for the purpose of assessing desertification risk since it has a
direct relationship with salinization. In drylands, as the evaporation rate is higher, the amount of
water in an area decreased unlike the salinity which is increased.
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Thus, the salinization amount leads to accelerates the desertification process in an area. Drainage
classes are rated according to Table 7.
Table 7. Drainage classes.
Class

Classification

Characteristic

Index

1

Good

Well Drained

1.0

2

Imperfectly

1.2

3

Poor

Excessively drained, Somewhat
excessively drained
Very poorly drained

2.0

4.3.1.2 Climate Quality Index
Climate change is a major driving factor for the desert to become drier, warmer with
unexpected rainfall and it leads to a significant increase in deserts area. (Archer and Predick 2008).
Therefore, the climate quality index is needed to be taken into consideration to determine the
desertification index. The Climate Quality Index (CQI) is obtained by a combination of a variety
of variables which are mean annual precipitation, slope exposure, and the index of aridity of
Bagnouls– Gaussen and it is calculated by use of aridity index, annual precipitation, and the aspect
(field orientation). The CQI is calculated using the following formula:
CQI = 𝟑√(𝐀𝐧𝐧𝐮𝐚𝐥 𝐏𝐫𝐞𝐜𝐢𝐩𝐢𝐭𝐚𝐭𝐢𝐨𝐧 ∗ 𝐒𝐥𝐨𝐩𝐞 𝐀𝐬𝐩𝐞𝐜𝐭 ∗ 𝐀𝐫𝐢𝐝𝐢𝐭𝐲 𝐈𝐧𝐝𝐞𝐱)
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4.3.1.2.1 Annual Precipitation
Annual precipitation is the accumulation of rain, snow, sleet, or hail. Annual precipitation
–of 280mm- is accepted as a critical value for the risk of soil erosion and plant growth and it is
one of the crucial parameters which consist of the climate quality index. Therefore, annual
precipitation amount is needed to be taken into consideration to determine the desertification risk
area, particularly in the area which has a large water deficit (Kosmas et al., 1999). Annual
precipitation values are rated according to Table 8.
Table 8. Annual precipitation classification.
Class
1
2
3

Description
<250 mm
250 – 500 mm
>500 mm

Classification
Low
Moderate
High

Index
3.0
2.0
1.0

4.3.1.2.2 Slope Aspect (Field Orientation)
The slope aspect refers to the earth’s surface orientation with the sun. Therefore, the slope
aspect is thought to have an impact on microclimatic conditions since it affects the amount of
precipitation, wind exposure to soil, and the amount of solar radiation. Thus, it has been
classified into two classes which are NW - NE, and SW-SE since it takes a different amount of
solar radiation with respect to orientation to sun. In addition, aspect is a significant factor that
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influences the evaporation rate in the area as it takes much solar radiation (south or north that
depends on the hemisphere) and affects the soil quality as well.
Table 9. Aspect (Field Orientation) classification.
Class

Field Orientation

Classification

Index

1

NW-NE

Low Risk

1.0

2

SW-SE

High Risk

2.0

4.3.1.2.3 Aridity
Aridity index is the available water in the soil and a rate between mean annual
precipitation and annually mean evapotranspiration (P/PET). Aridity index is a vital
environmental factor that impacts the desertification process and natural vegetation covers that
needs water to survive. The Global aridity index Bagnouls-Gaussen aridity index is used to
determine the aridity index in the desertification process classified as in Table 10.
Table 10.Aridity classification.
Class
1
2
3
4
5
6

Description (mm)
0< P/PET<50
50 < P/PET< 75
75 < P/PET < 100
100< P/PET < 125
125<P/PET > 150
>150

Classification
Hyper-arid
Arid
Semi-arid
Dry dub-humid
Moist sub-humid
Humid

Index
2.0
1.8
1.4
1.2
1.1
1.0
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4.3.1.3 Vegetation Quality Index
Vegetation changes can have large impacts on wildlife, as habitat loss, fragmentation, and
degradation can impact both mortality and fecundity through a variety of mechanisms.Thus,
vegetation changes associated with desertification can lead to food scarcity (Rhodes et al., 2011).
Therefore, the vegetation quality index is one of the crucial factors which consists of the
desertification risk index. Vegetation quality index (VQI) is calculated by use of fire risk and
ability to recover, erosion protection to the soils, drought resistance, and plant cover.VQI is
calculated as:
VQI = 𝟒√𝐅𝐢𝐫𝐞 𝐑𝐢𝐬𝐤 ∗ 𝐄𝐫𝐨𝐬𝐢𝐨𝐧 𝐏𝐫𝐨𝐭𝐞𝐜𝐭𝐢𝐨𝐧 ∗ 𝐃𝐫𝐨𝐮𝐠𝐡𝐭 𝐑𝐞𝐬𝐢𝐬𝐭𝐚𝐧𝐜𝐞 ∗ 𝐏𝐥𝐚𝐧𝐭 𝐂𝐨𝐯𝐞𝐫
4.3.1.3.1 Fire Risk
Forest fires pose a threat to the sustainability of ecosystem function and it causes the loss
of biodiversity and soil erosion. Some fires take place in human-induced that people intentionally
set fire their croplands to produce and obtain higher products from their cropland. The
Mediterranean vegetation type is one of the highest flammable capacities as it involves resins and
essential oils (Basso et al., 2012). In California, many forests are exposed to fire and many
wildlife animals and plants have been adversely impacted. According to data of California Fires,
more than 4 million hectares have been destroyed because of the fires in 2020 (9917 incidents).
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Fire risk map which was created and classified by the Fire and Resources Assessment Program
California Department of Forestry and Fire Protection was used to display and to obtain the
vegetation index factors.
Fire risk data was created by firstly using fire probability or the probability of burning in a
given area and secondly potential behavior of fire hazard. Therefore, three distinct classes (lowmoderate-high) were created to evaluate the fire threat in the area.
Table 11. Fire risk classification.
Class Description
Classification
1
Low Fire Risk
Low
2
Moderate Fire Risk Moderate
3
High Fire Risk
High

Range
1.0
1.3
2.0

4.3.1.3.2 Wind Erodibility
Wind erosion generally leads to natural disasters such as sandstorms and sand increasing
which cause environmental issues such as the decline in air quality and water pollution in
desertification areas, therefore, it inevitably impacts the security of society (Zhang et al., 2016).
In addition, it results in coarser soil texture and declining productivity, triggering human-land
conflict (Tao et al., 2014).
Wind erodibility refers to soil blowing susceptibility in the area. In addition, it is the major
factor and is assigned in wind erosion index.
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Erosion susceptible areas can be protected by plantation and land use management
strategies. (Bryan and Campbell, 1986; Mitchell, 1990). For instance, cereals, vines, and almonds
are generally planted in hilly lands with no deep soils which are fragile to soil erosion (Faulkner,
1990).
Table 12.Wind Erosion risk classification.
Class Description
Classification
Range
(Tons/acre*year)
1
Low Erosion Risk
0-100
1.3
2
High Erosion Risk
100-310
2.0
4.3.1.3.3 Drought Sensitivity
Drought resistance is one of the abiotic factors and it is identified as a reaction of the
capacity of plants in the face of water scarcity or water stress. Therefore, in arid and semi-arid
areas, only the plants need to restrict transpiration to decrease the water loss. Therefore, only
plants which are adapted to severe drought conditions are able to lead their functions (Zhang et
al.,1999). Drought resistance data map which was created by the data basin would be used in the
study to calculate the vegetation quality index.
Table 13. Drought sensitivity classification.
Class Description
Range
1
Low
1.1
2
Moderate
1.2
3
High
1.6
4
Extreme
2.0
40

4.3.1.3.4 Plant Cover
Vegetation cover is utilized by means of transpiration, interception, shading, and hydraulic
cycle in response to soil moisture. (D’Odorico, P. and Porporato ,2006). However, plants that are
adapted to desertification conditions are still at the risk of aridity and desertification process. The
existence and distribution and cover of plants play a great role in the reduction of sediment and
surface runoff (Franchis and Thornes,1990). An area that is covered less than 40 percent, is
highly under the threat of wind and soil erosion. (Thornes,1988). Plant cover classes were
classified and weighted in Table 14.
Table 14. Plant Cover
Class

Classification

Characteristics

Index

1

High

Forest

1.0

2

Moderate

Agriculture

1.8

3

Low

Urban/Open water/ Playa / Desert
Fauna

2.0

4.3.1.4 Anthropic Quality Index
Anthropic parameters accelerate the desertification process by over exploitation,
overgrazing, urbanization, and intensive agriculture as a result of population growth, population
density, and deforestation. Therefore, pressure on the ecosystem and loss of biodiversity is
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considered one of the challenging problems worldwide that many countries have converted their
natural areas into anthropogenic areas for agriculture, animal husbandry, tourism, transport,
extraction, and energy production (Briassoulis,2019).As a result, Anthropic Quality index is
needed to be assessed by use of population growth, population density, road network density, and
livestock density (KOSMAS et al. 1999 and Basso et al., 2012). AQI is calculated using the
following formula:
AQI= 𝟒√𝑷𝒐𝒑. 𝑫𝒆𝒏 ∗ 𝑷𝒐𝒑. 𝑮𝒓𝒐𝒘𝒕𝒉 ∗ 𝑹𝒐𝒂𝒅 𝑫𝒆𝒏 ∗ 𝑮𝒓𝒂𝒛𝒊𝒏𝒈 𝑫𝒆𝒏
4.3.1.4.1 Population Growth and Density
The rapid change in population growth has led to an increase in human pressure on the
lands, and due to demands for food and shelter, a significant number of lands have been exposed
to degradation in the last decades (Maximillian, Brusseau, Glenn, & Mathias, 2019). Annual
population growth and density are rated according to Tables 15 and 16.
Table 15.The annual growth rate of the population.
Class

Classification

1

Very Lowly increase in population

Class
Description
>0.00 %

Index

2

Lowly increase in population

0-1.5 %

1.2

3

Moderate increase in population

1.5-3.0 %

1.4

4

High increase in population

3.0-6.00 %

1.8

5

Very High increase in population

>6.00 %

2.0

1.0
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Table 16.The density of the population.
Class
1

Classification
Slightly populated

Class Description
> 10 people per km²

Index
1.0

2

Moderately Populated

10-20 people per km²

1.33

3

Highly Populated

20-50 people per km²

1.66

4

Very Highly Populated

>50 people per km²

2.00

4.3.1.4.2 Livestock Density
Wildlife species need vegetation covers to lead their life without facing insufficient
habitat, food, and shelter. However, an increase in livestock density leads to the removal of
vegetation cover which is vital for wildlife species to avoid being detected by predators. Thus,
they can save their lives by protecting themselves from predators and external climate factors
such as high temperatures and storms (Edwards and Canter ,1999). Therefore, livestock density
has greatly impacted land degradation because of excessive grazing. In addition, mismanagement
strategies also degrade the lands that as the livestock and the area per heads increase, the
desertification risk significantly increases.
Table 17. Grazing Density
Class
1
2

Classification
Slightly populated
Moderately Populated

Class Description
> 20 heads per km²
20-60 heads per km²

Index
1.0
1.33

3

Highly Populated

60-100 heads per km²

1.66

4

Very Highly Populated

> 100 heads per km²

2.00

43

4.3.1.4.3 Road Network Density
As the global road network change rapidly, deforestation rate and habitat loss have been
greatly increased (Fearnside 2008). In addition, countries have continued conversion of lands to
anthropogenic systems despite giving rise to a decline in biodiversity and ecosystem with
harmful impacts (OECD, 2018). Road network density was showed in the table 18.
Table 18.The density of the road network
Class
1
2

Classification
Shallow Road Network
Denser Road Network

Class Description
<0.05 km²
>0.05 km²

Index
1.0
2.0

4.3.1.5 Desertification Risk Index
MEDALUS (Mediterranean Desertification and Land Use, Kosmas et al. 1999)— is used
to analyze desertification risk index by employing numerical or qualitative factors such as the
characteristic of vegetation, climate, soil, and human-induced activities and each of these factors
classified and weighted or scored with regard to their importance levels- from 1 (absence or least
sensitive to desertification) to 2 (high sensitive desertification). Respectively, SQI (Soil quality
index), CQI (Climate quality index), AQI (Anthropic quality index), VQI (Vegetation quality
index), and eventually ESA index (Environmentally sensitive areas index) was evaluated through
a geometric average of the sub-indices. (Sepehr et al. 2007). Figure 3 displays the ESA index that
how to obtain each index by employing sub-indices in detail.

44

𝑬𝑺𝑨𝑰 = 4√𝑺𝑸𝑰 ∗ 𝑪𝑸𝑰 ∗ 𝑽𝑸𝑰 ∗ 𝑨𝑸𝑰
Table 19.Environmentally Sensitive Areas Index Classification
Class
1
2
3
4

Description
Absence (non-affected)
Low (not very sensitive)
Average (sensitive)
High (very sensitive)

Range
1.00 - 1.22
1.23 – 1.30
1.31 – 1.40
1.41 – 2.00

4.3.2 Wildlife Analysis
The mapped ESAI has overlaid species range maps over the ESAI to measure how
desertification might impact different wildlife species. In addition, it was used species range
maps created by (insert reference), including 4 distinct of mammals ( Antrozous pallidus,
Macrotus californicus, Corynorhinus townsendii, Xerospermophilus mohavensis),
13 distinct birds ( Rallus longirostris yumanensis, Toxostoma bendirei, Melanerpes uropygialis,
Athene cunicularia, Empidonax traillii extimus, Aquila chrysaetos, Laterallus jamaicensis
coturniculus, Grus canadensis, Gymnogyps californianus, Vireo bellii pusillus, Agelaius tricolor,
Coccyzus americanus, Charadrius montanus) and 2 of reptiles (Phrynosoma mcallii, Uma
scoparia) and 1 of amphibians (Batrachoseps stebbinsi) (Table 20). Once overlaid, it was
calculated (1) the percent of the DRECP that the species occupies, (2) the percentage of that
range that is rated as low, average, or high sensitivity, and (3) summary statistics for the ESAI
within in each range. This enabled us to evaluate potential risks for each species.
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Table 20.Wildlife Species in DRECP area
TAXA

SPECIES

COMMON NAME

Bird

Rallus longirostris
yumanensis

Yuma Clapper Rail

Bird
Bird

Toxostoma bendirei
Melanerpes uropygialis

Bendire’s Trasher
Gila Woodpecker

Bird

Athene cuniculari

Burrowing Owl

Bird

Empidonax traillii extimus

Bird

Aquila chrysaetos

Soutwestern
Willow Flycathcer
Golden eagle

Bird

Laterallus jamaicensis
coturniculus

California Black Rail

Bird

Grus canadensis

Sandhill crane

Bird

Gymnogyps californianus

California condor

Bird

Vireo bellii pusillus

Least Bell’s vireo

Bird

Coccyzus americanus

Yellow- billed cuckoo

Amphibians

Batrachoseps stebbinsi

Reptiles

Phrynosoma mcallii

Tehachapi
slender salamander
Flat-tailed horned lizard

Reptiles

Uma scoparia

Majove fringe-toed lizard

Mammals

Majove ground squirrel

Mammals

Xerospermophilus
mohavensis
Antrozous pallidus

Mammals

Macrotus californicus

California leaf-nosed bat

Mammals

Corynorhinus townsendii

Townsend’s big eared bat

Pallid bat
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Chapter 5: Results
5.1 Natural and Anthropogenic Factors in DRECP area
5.1.1 Soil Quality Indices Results
Soil depth in DRECP area was classified into seven classes which were very shallow,
shallow, moderately deep, deep, very deep, and excessively deep. Findings related to soil depth
revealed that DRECP area had shallow (57%), moderately deep (30%) deep (11%), very shallow
(1%), very deep (0.9%) and, excessively deep (0.1%) classes (Figure 4a). In addition, the soil
depth data revealed that shallow and moderate deep classes were scattered across the region in
DRECP. Besides, deep soil was mainly located in the northern part of Imperial County and
northern and western part of San Bernardino County, and the western part of Kern county. Very
shallow, very deep, and excessively deep classes were depicted in Riverside, Los Angeles, and
San Bernardino counties.
Drainage classes in the area was classified into three classses which were good, moderate,
and poorly drained. Thus, the findings related to the DRECP area revealed that 51% of the area
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was moderately drained, and or 48% of the area was well drained and 1% of the area was poorly
drained (Figure 4b) Thus, almost the entire region had soils that do not hold the water very well.
Parent material in the area was classified into three classes which were good (volcanic),
moderate (igneous and metaphoric rock) and poor (sand dune). According to the findings, 89% of
the DRECP area had moderate (igneous and metaphoric rock) and scattered across the region.
Besides 8% of the area had good (volcanic) parent material which was observed in San
Bernardino county and, 3% of the DRECP area had poor parent material (sand dune) parent
material which was found in the southern part of Imperial County and the east, middle and
southern part of San Bernardino county (Figure 4c).
The slope in the DRECP area was classified into 8 classes which were depressional to
level, very gently, gently, moderately, strongly, steeply, extremely steeply and excessively
steeply. Findings related to slope classes revealed that DRECP area had depressional to level
(11%), very gently (23%), gently (29%), moderately (15%), strongly (9.4%), steeply (9.6%),
extremely steeply (3.3%) and excessively steeply (0.1%) sloping classes (Figure 4d).Most of
Imperial County, western San Bernardino county depicted depressional to level, very gently and
gently sloping classes in the region. The southern part of Kern County and northern part of San
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Bernardino County, the western part of Inyo County, and the eastern part of Los Angeles county
were comprised of extremely steeply and excessively steeply sloping classes.
Texture classes in the region was classified into four classes which were good texture
(Coarse sandy loam, Sandy loam, Fine sandy loam), moderate texture (Silty Loam, Silty clay
loam, Very channery loam), poor texture (Sand, Coarse sand). According to the findings in the
DRECP area, 52% of the area had good texture which was generally found in the eastern and
western parts of San Bernardino and the northern part of Imperial county. 5.3% of the DRECP
area had moderate textures (Silty Loam, Silty clay loam, very channery loam) which were mainly
located in the western part of Imperial county, the southeastern part of San Bernardino, and, the
western part of Inyo county. 1.4% of the DRECP area had poor texture (Clay Fine sand) class
which was scattered some part of San Bernardino and southern part of Inyo county. 41% of the
DRECP area had very poor texture (Sand, Coarse sand) class which was mainly seen across San
Bernardino county except for western and some eastern part and more than half of Imperial
county (Figure 4e).
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Figure 4.The distribution of the Soil Parameters in the DRECP
(a) soil depth; (b) drainage; (c) parent material; (d); slope; (e) texture;
(f); soil quality index (Mapped by using data from the Table 2)
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As for the the soil quality index, it was classified into high, moderate and low quality.
Findings related to the soil quality index,1 % of the area had high quality, 79% of the area had
moderate quality and 20% of the area had low quality (Figure 4f). As seen by patterns in the map,
moderate soil quality was scattered across the area particularly in the west (Los Angeles, Kern),
south (Imperial), and east (San Bernardino) parts of the area. As for low soil quality, the middle
part of San Bernardino and Imperial counties showed low soil quality patterns. The borderline
between Riverside and Imperial counties displayed high soil quality.
5.1.2 Climate Quality Indices Results
Precipitation was classified into three classes which were low (below 250 mm), moderate
(250 to 500 mm) and high (above 500 mm). According to findings related to precipitation data, it
was revealed that most of the DRECP had an amount of precipitation below 250 mm annually
with 96%. In addition, 3.7% of the DRECP area had 250 to 500 mm precipitation amount
annually which was seen in San Bernardino County, the eastern part of Los Angeles, and Kern
counties and only 0.3% of the DRECP area had the values exceeding 500 mm (Figure 5a).
Slope aspect in the area was classified into two classes which were north and south
directions based and findings revealed that 56% of the area had NE-NW and 44% of the area had
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SE-SW in the DRECP area (Figure 5b). Therefore, the North-based field orientation outweighs
the Southern-based.
Aridity in the DRECP area was classified into 5 classes which were hyper arid, arid, semiarid, dry sub-humid, moist sub-humid and humid. Findings relared to aridity severity in the
DRECP revealed that 92% of the DRECP area had hyper arid conditions and 4.4% of the area
had arid conditions. In addition, according to the results in the DRECP area 2% of the area had
semi-arid conditions. Dry sub-humid and moist sub-humid only had 1% and 0.3% of the DRECP
area respectively (Figure 5c). Thus, it can be concluded by the results that most of the area in the
DRECP, commonly has hyper-arid conditions.
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Figure 5.The distribution of Climate Quality Parameters in the DRECP
(a) precipitation; (b) aspect; (c) aridity; (d) climate quality index
(Mapped by using data from the Table 2.
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Climate quality index in the DRECP area was classified into three classes which were
high climate quality index, moderate climate quality index and, low climate quality index. The
climate index results revealed that 57% of the DRECP area had moderate climate quality index
and 42.5% of the area had low climate quality index. However, only 0.5% of the DRECP area
had high climate quality index (Figure 5d). It can be concluded by the results that climate quality
index in the DRECP area generally consisted of low and moderate climate quality indexes.
5.1.3 Anthropologic Quality Indices Results
Population growth data in the DRECP was classified into five classes which were very
lowly increase, lowly increase, moderate increase, high increase and very high increase in the last
decades. Results related to population growth revealed that population growth in the DRECP
area has gradually increased (65%) for the last decades in the middle part of the region (San
Bernardino) and very lowly increased (35%) in the southern part (Imperial) and the northern part
(Inyo) of the region. A minor western part of the region (Los Angeles) showed a very high
increase (0,001%) (Figure 6a).
Population density in the DRECP area was classified into four classes which were slightly
populated, moderately populated, highly populated and very highly populated. The results related
to population density in the DRECP area showed that most part the area -96%- was slightly
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populated and the western part of the region (Kern, Western San Bernardino, and minor part of
the Imperial) was moderately populated with the percentage of 2.6. In addition, some western
parts of the region (Los Angeles) had high population density results with a percentage of 1.3
(Figure 6b).
Road network density in the DRECP area was classified into two classes which were
shallow and denser road network density. Results related to road network density revealed that
60% of the DRECP area had shallow road network density and, 40% of the western part of the
region (Kern and Los Angeles) had the denser road network in the DRECP area
(Figure 6c).
Grazing density in the region was classified into 4 classes which were slightly,
moderately, highly and very highly. Findings related to grazing density in the DRECP area
revealed that 97% of the area had moderately grazing density and, 1.4 of the area had highly
grazing density. Only 0.1% of the DRECP area had highly grazing density (Figure 6d). It can be
concluded by the results that the DRECP area have not been greatly exposed to grazing.
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Figure 6.The distribution of Anthropic Quality Parameters in the DRECP
(a) Population growth; (b) Population density; (c) Road network density; (d) Grazing density;
(e) Anthropic Quality Index (Mapped by using data from the Table 2)
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Anthropic Quality Index in the DRECP area was classified into high quality
anthropic index, moderate quality anthropic index and low quality anthropic index. Results
related to anthropic quality index revealed that 90.1% of the DRECP area had high quality
anthropic quality index, and 9.8% of the area had moderate anthropic quality index and only
0.1% of the area had low anthropic quality index (Figure 6e). Thus it can be concluded by the
results that most of the area in DRECP was slightly populated, it showed a high-quality
Anthropic quality index across the region. Some west, south, and mid-east part of the area
showed moderate-quality index. As for low quality, a minor part of Los Angeles showed a low
anthropic quality index.
5.1.4 Vegetation Quality Indices Results
Plant cover classes in the DRECP area was classified into highly covered, moderately
covered and lowly covered.The results with regard to plant cover in the region showed that San
Bernardino, Inyo, and some part of Kern counties had generally sparsely covered (71%) by plants
land some part of the area in DRECP (Imperial and Inyo and eastern part of San Bernardino) had
mainly moderately plantation coverage(25%).In addition, some parts of Los Angeles, Inyo, and
Imperial were highly covered (4%) by the plants (Figure7a).
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Fire risk classes in the DRECP area was classified into three classes which were high risk,
moderate risk and low risk. The results related to fire risk in the DRECP area showed that 83% of
the area had high fire risk and 11% of the area had moderate fire risk, and 6% of the area had low
fire risk (Figure 7b). It can be concluded by the fire risk results that most of the area generally
showed that it was under the high fire threat.
Wind erosion classes in the DRECP area was classified into two classes which were
highly erosion risk and lowly erosion risk. The results associated with the wind erosion revealed
that 75% of the area had highly wind erosion risk and 25% of the area had lowly wind erosion
risk (Figure 7c). Thus, it can be concluded by the wind erosion results in the DRECP area that
most part of the area is susceptible to wind erosion.
Drought was classified into four classes which were extreme drought resistance, high
drought resistance, moderate drought resistance and low drought resistance. The results
according to drought resistance data revealed that 98% of the area had high drought resistance
and 1% of the area had low drought resistance (Figure 7d). Thus, it can be concluded by the
drought resistance data in the DRECP that most of the region is susceptible to severe drought.
Vegetation Quality Index was classified into high vegetation quality index, moderate
vegetation quality index and low quality vegetation index. Findings related to vegetation quality
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index in the DRECP area showed that 56.4% of the area had low vegetation quality index, 41.7%
of the area had moderate quality index and 1.9% of the area had high vegetation quality index
(Figure7e). It can be concluded that the West part of the area (Kern) generally displayed a
moderate-quality vegetation index. Besides, a low-quality vegetation index was scattered across
the region. As for the high-quality vegetation index, the west part of Inyo and the minor part of
Los Angeles showed a high-quality vegetation index.
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Figure 7.The distribution of Vegetation Quality Parameters in the DRECP
(a) Plant cover; (b) Fire risk; (c) wind erosion risk; (d) drought resitance; (e) Vegetation
Quality Index ( Mapped by using data from the Table 2 )
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5.2 Desertification Risk Index
Desertification risk index was obtained from by the combination of the indexes which
were soil quality, climate quality, anthropic quality and vegetation quality. Environmentally
sensitive areas in DRECP were designated by desertification risk which was classified into three
classes which were very sensitive to desertification risk, average risk, lowly desertification risk,
and no desertification risk (non-affected or absence).
The final results related to potential desertification risk analyse revealed that 60.2% of the
area was very sensitive to desertification risk, and 37.9% of the area had average desertification
risk, and 1.8 of the area had low desertification risk and only 0.1% of the area was not
susceptible to desertification risk (absence or non-affected) (Figure 8). It can be concluded by the
desertification risk index that very sensitive areas to desertification and average desertification
risk were generally scattered across the DRECP area. In addition, low desertification risk, it was
only found in the middle and east part of San Bernardino, and the west part of the Imperial. Only
a minor part of Inyo county showed absence (non-affected or absence) patterns in the region.
Areas with high potential desertification risk would pose a threat to wildlife species that
are susceptible to high desertification conditions. Thus, the distribution of the wildlife species in
the area would be negatively affected by this situation since wildlife species that would prefer

61

living in areas having less desertification risk to avoid the desertification risk would cause
competition among each other in terms of demanding habitat and shelter to lead their lives.

Figure 8.Environmentally Sensitive Areas Index in the DRECP
(Mapped by using data in Table-2)
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5.3 Desertification Risk on Wildlife Species in DRECP area
A wide range of wildlife species mammals, reptiles, birds, and amphibians were utilized in
the study to determine to potential desertification risk on wildlife species in the DRECP area
(Table 21) and, it was also aimed at displaying wildlife distribution on places whether having
desertification risk or not (absence). Desertification risk and the distribution of each wildlife
species were overlaid to determine each potential desertification class on each wildlife species in
the DRECP area.
As seen in table 21, wildlife species ranges generally covered areas rated with absent or
low desertification risk apparently to avoid the insufficient natural and anthropic conditions in
order to find food, and nutrients (Cox DTC and Gaston K, J., 2018) shelter, habitat, vegetation
cover and shelter to lead their lives. For instance, as seen in Table 21, any member of the species
of Rallus longirostris yumanensis, Phrynosoma mcallii, Melanerpes uropygialis, Laterallus
jamaicensis coturniculus, Batrachoseps stebbinsi, Grus canadensis, Vireo bellii pusillus, Agelaius
tricolor, Charadrius montanus, Uma scoparia were not found in the area with high potential
desertification risk. As for the rest of the species, a small number of these species from 0.1 % to
2.5 % (Toxostoma bendirei, Antrozous pallidus, Athene cunicularia, Empidonax traillii extimus,
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Aquila chrysaetos, Coccyzus americanus) occupied in high potential desertification risk areas.
Therefore, it can be concluded from the table that, all of the species in the DRECP were largely
found in areas with absent or low (with the mean range between from 1.33 to 1.78)
desertification risk in the area.
To illustrate, 66.2% of Rallus longirostris yumanensis (Table 21), occupied areas nonaffected (absence desertification risk) and, 31.1% of the range covered low desertification risk,
while only 2.7 % of the range was found n areas with average desertification risk. This suggests,
Rallus longirostris yumanensis are unlikely to be found in high potential desertification risk
areas. Furthermore, among the species in the area, 2.5 % of Coccyzus americanus (Table 21) can
live in high potential desertification risk; while 50.4 % of Coccyzus americanus lives in a low
potential desertification risk and 37% of Coccyzus americanus lives in the area which is not
affected by desertification. the. It means this species would be more resistant and adapted to the
high desertification conditions than the other species living in the area. However, most of the
species (50.4%) live in low desertification areas.
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Figure 9.The distribution of Rallus longirostris yumanensis in the DRECP
(Mapped by using data in DRECP Data Basin showed in table 2)

Figure 10.The distribution of of Coccyzus americanus in the DRECP
(Mapped by using data in DRECP Data Basin showed in table 2
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Table 21. Distribution of Wildlife Species in the DRECP area

Wildlife Species

Area of
wildlife
species
(ha) in
DRECP

Percentage of Desertification
Index
on Area of Wildlife Species

Statistics

Absent

Low

Average

High

Min

94720

66.2

31.1

2.7

-

1.0

3.0

1.36

0.54

281280

39.2

54.2

6.6

-

1.0

3.0

1.68

0.59

854784

68.0

34.0

0.18

0.2

1.0

4.0

1.38

0.52

8739778

53.6

32.7

13.6

0.1

1.0

4.0

1.41

0.52

25600

56.7

40.0

3.3

-

1.0

3.0

1.46

0.56

2014976

53.5

43.1

3,3

0.1

1.0

4.0

1.49

0.57

74752

45.2

46

7.5

1.3

1.0

4.0

1.65

0.68

5598720

63.3

35.3

1.2

0.2

1.0

4.0

1.38

0.51

Laterallus
jamaicensis
coturniculus
Batrachoseps
stebbinsi
Grus canadensis

39552

53.7

43.7

2.6

-

1.0

3.0

1.49

0.55

18752

50.5

43.0

6.5

-

1.0

3.0

1.56

0.61

24576

51.3

46.6

2.1

-

1.0

3.0

1.51

0.54

Gymnogyps
californianus
Corynorhinus
townsendii

442368

39.1

55.2

5.6

0.1

1.0

4.0

1.67

0.58

6783436

60.5

37.1

1.7

0.7

1.0

4.0

1.41

0.53

Rallus longirostris
yumanensis
Phrynosoma
mcallii
Toxostoma
bendirei
Antrozous
pallidus
Melanerpes
uropygialis
Athene
cunicularia
Empidonax traillii
extimus
Aquila chrysaetos

Max Mean

Sd
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Table 21. continued

Wildlife Species

Area of
wildlife
species
(ha) in
DRECP

Percentage of Desertification
Index
on Area of Wildlife Species

Statistics

Absent

Low

Average

High

Min

75520

60.9

34.9

4.2

-

1.0

3.0

1.43

0.57

3386112

65.5

33.4

1.0

0.1

1.0

4.0

1.36

0.5

56768

4.4

86.4

9.2

-

1.0

3.0

1.75

0.57

Xerospermophilus
mohavensis
1312192
Coccyzus
43072
americanus
Charadrius
82688
montanus
Uma scoparia
167264

60.6

37.7

1.6

0.1

1.0

4.0

1.41

0.53

37.0

50.4

10.1

2.5

1.0

4.0

1.78

0.72

34.1

60

5,9

-

1.0

3.0

1.72

0.52

17.4

80.3

2.3

-

1.0

3.0

1.33

0.49

Vireo bellii
pusillus
Macrotus
californicus
Agelaius tricolor

Max Mean

Sd
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Chapter 6: Discussion and Conclusion
6.1 Discussion
A variety of major driving factors stemming from nature or human intervention lead to
desertification to great extent. However, in the DRECP area, natural driving factors outweigh the
human-induced factors. Thus, natural factors in the DRECP area became the reason for the
acceleration of the desertification process rather than anthropic factors. In addition, the findings
related to the DRECP area revealed that change in natural factors directly affected the
sustainability of the wildlife species to a great extent since they would demand food, shelter, and,
food to reproduce and lead their lives in their natural habitat.
6.1.1 Natural and Anthropogenic Factors in DRECP area
6.1.1.1 Soil Quality Index
A variety of indexes were utilized to determine the desertification effect on wildlife species
in the DRECP area. Thus, any indexes would be discussed by explaining the effect of
desertification on wildlife species in the DRECP.
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The findings related to the soil quality index revealed that most of the soil in the DRECP
area had shallow soil depth which causes the DRECP area more prone to desertification risk.
Since the organic matter mainly takes parts in the topsoil, the wind takes the organic matter,
which is vital for plant growth, away from the soil. In addition, since depth soil provides water
movement and water storage with the plant to grow (Imamoglu and Dengiz, 2019), shallow water
affects the existence of plantations. Thus, wildlife species in the DRECP area would be directly
impacted by soil depth since they vitally need vegetation cover to lead their lives.
Parent material can affect the soil formation process and it provides various characteristics
such as hardness, resistance to external factors, and increase the soil quality (Kosmas et al. 1999).
DRECP area has generally moderate parent material classes (igneous, granitic, limestone, and
metamorphic rocks). Therefore, it is more likely to be expected to contribute to plant growth,
ecosystem resilience, and an increase in soil quality properties (Kosmas et al., 1993).
Soil texture has a great impact on the infiltration capacity of the soil (Dwevedi et al., 2017)
which is of vital importance to the plants in the DRECP area. In addition, soil texture structure
affects plasticity, permeability, drought, and productivity (Atalay, 2006). Sandy texture causes
less infiltration and permeability capacity in the area that has an adverse effect on plants as well.
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As for the drainage in the DRECP, it directly affects the soil infiltration capacity and
imperfectly or poorly drained soils are prone to soil erosion since it flows on the surface (Owuor
et al., 2018). Thus, vegetation cover in the area will not be able to employ surface water to
survive and to grow and it will directly affect the distribution and existence of vegetation cover in
the DRECP area.
As for slope, except for the west side, the DRECP area has extremely or highly extremely
steeping slope which means it is more likely to cause desertification process as well. Steeply
sloping areas (hilly) generally cannot hold the water which has vital importance of plant growing
and runoff surface water will lead to water scarcity in the DRECP area.
plant growing and runoff surface water will lead to water scarcity in the DRECP area
6.1.1.2 Climate Quality Index
The climate index in the area displayed low-quality properties since it does not have
sufficient precipitation thereby not meeting the optimal water needs for the wildlife species and
vegetation cover in the area.
Aridity is ubiquitous since the evaporation rate is higher than the precipitation amount in
the area. In addition, aspect is a significant factor that influences the evaporation rate in the area
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as it takes much solar radiation (south or north that depends on the hemisphere) and affects the
soil quality as well.
As a result of non-optimal climate conditions, wildlife species would be directly impacted
by the scarcity of water, high evaporation rates, and low soil quality since they would have
difficulty in finding habitat, food, and shelter to reproduce and lead their lives. It would be
concluded by the climate quality index results that wildlife species taking part in the DRECP area
would be adapted and resistant to water scarcity, aridity conditions.
6.1.1.3 Anthropic Quality Index
Human population, mismanagement practices such as improper irrigation, overgrazing,
urbanization, and deforestation generally have a negative impact on the land and cause land
degradation (Reynolds et al., 2002). Therefore, climatic factors should be taken into
consideration. However, anthropogenic factors in the DRECP area do not have a major impact on
the desertification process since the region is generally slightly populated. Such a desolate
environment does not encourage human occupation in high density unless there are no other
options. As for wildlife, the only ones which are adapted to desert conditions live in the area. In
addition, the sustainability in wildlife requires an abundant and fertile habitat population in terms
of providing wildlife animals with food; however, if the population is increased in the following
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years, it would be put pressure on the environment to meet the demands of the population in the
area (Maximillian et al., 2019).
6.1.1.4 Vegetation Quality Index
Vegetation changes can have large impacts on wildlife, as habitat loss, fragmentation, and
degradation can impact both mortality and fecundity through a variety of mechanisms.
Vegetation changes associated with desertification can lead to food scarcity (Rhodes et al., 2011).
Since the DRECP area has desertification, it does not provide optimal ecological conditions to a
wide range of vegetation and it also causes the decline in the amount of organic matter level in
the area. Thus, the only vegetation types which are resistant to desertification conditions would
exist in the area that it would cause the limit the types of vegetation species in the area The
decline in vegetation cover layers leads to a reduction of wildlife population (Saetnan and
Skarpe, 2006) and it may lead to food competition between the species in the area
(Keesing,1998). In addition, evaporation rates and runoff could decrease thereby increasing water
availability caused by greater vegetation cover. Furthermore, fire risk in the area is at a high level
since the region has warm weather conditions and does not have sufficient precipitation to reduce
the fire risk. In addition, plant cover in the area occupies a very limited part of the area.
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Thus, wildlife species will not be able to find a vegetation cover to hide from predators
and to find shelter and food (Barnes et al.1991).
The results of this study found that wildlife largely occupied portions of the DRECP that
were the least susceptible to desertification. A few wildlife species ranges overlapped the areas
with high potential desertification risk. This suggests that wildlife species in the region will be
very susceptible to any future desertification. If currently occupied lands experience negative
changes in climate vegetation, soils, or human activity, suitable habitat may become degraded
which may cause species ranges to contract. Therefore, management and conservation strategies
should aim to prevent further degradation and/or restore habitat quality. Since climate change
creates major threats to the sustainability of biodiversity and limits the accessibility of natural
resources on the earth, the distribution of the wildlife species
will be greatly affected by the reduction of suitable habitats. Besides, climate patterns such as
seasonal or annual precipitation and temperatures are the most important factors that affect the
distribution and existence of amphibians (Dervo et al.,2016). Therefore, a variety of adaptation
and mitigation measures should be taken to combat climate changes to make the future of
wildlife species unquestionable. Therefore, reduction of habitat loss can be decreased by creating
isolated or protected areas and limiting grazing capacity, and decreasing urbanization or building
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new road networks to provide wildlife with their natural habitats. For example, in 1998, Williams
benefited from wildlife corridors in order to preserve the wildlife species to provide them to
migrate to other landscapes securely and to provide them with habitats without habitat loss.
Therefore, wildlife corridors or isolated areas can be used to reduce the fragmentation, enabling
wildlife species to landscape connectivity to supply wildlife species with shelter and food to lead
their lives (Onal et al., 2016)
In addition, the deforestation rate should be decreased to enable wildlife species to have
vegetation cover since they will need to shelter to hide from predators and to lead their lives.
Furthermore, as the deforestation rate impacts soil erosion, professional land management plans
should be applied in the area to protect the soil quality in the DRECP area.
6.2 Conclusion
In this study, MEDALUS (Mediterranean Desertification and Land Use) method was used
to analyze and to determine the desertification risk on twenty different wildlife species (reptiles,
mammals, amphibians, and birds in the DRECP area. Results in the DRECP area showed that the
area is generally sensitive to desertification and most wildlife species cannot live in the areas
which have high potential desertification risk. Thus, wildlife species would be inclined to live in
the areas which are non-affected or at low desertification risk and it will create a competition
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among wildlife species to lead their lives without confronting any food, shelter, habitat issues.
However, with the increase of grazing, they will not be able to find sufficient vegetation cover to
hide from predators in shelters. Therefore, an array of steps should be taken to prevent the loss of
vegetation cover in the region.

6.3 Limitations
During the completion of the study, a variety of limitations was faced that some data that
were used in the study was not quite recently and had to be used data belongs to the 2000s
(DEM). In addition, despite searching for fire threat, erosion protection, and drought resistance
data could not be found, since DRECP has been for a couple of years. Thus, existing maps of fire
threat, erosion protection, and drought resistance which was created by California States
Foundations were used and reclassified to determine the quality indexes rather than employing
the raw data. Thus, it facilitated the thesis process but the reclassification process was not
compatible with the existing journal studies that were used as an example in the study. Thus, the
subjectivity of the classification with regard to vegetation covers, drought resistance, fire threat,
and wind erosion was taken into consideration since existing maps had a different number of
classes from 5 to 20 which were not suitable to the area. Therefore, the indices were reclassified
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according to area characteristics and it was very important to classify and to score the indices to
obtain the ESAI formula.
As a result, it was not dependent on the MEDALUS methods and the classification and it
was done according to regional characteristics. As for the wildlife species, the insufficient
number of reptiles (2), amphibians (1), and mammals (4) was employed in the area since the
available data basin included this wildlife species. Thus, the study generally was focused on the
birds (13) which were abundant in the area.
The study would be focused on the socio-economic conditions as well but, since the time is
limited it would not achieve to utilize these factors. Besides, other parameters such as organic
matter, management quality degree could be used to determine the desertification index.
In addition, since the climate has been altering the disfavor of nature, anthropologic
pressure on the lands such as grazing, road network density, habitat loss, and fire threat should be
decreased to keep the ecological balance in favor of nature. Furthermore, wildlife species should
be provided with isolated areas in terms of enabling them to shelter, habitat, food in order to lead
their lives without confronting any anthropologic pressure.

76

References
Abdi, O. A., Glover, E. K., & Luukkanen, O. (2013). Causes and impacts of land degradation and
desertification: Case study of the Sudan. International Journal of Agriculture and Forestry, 3(2),
40-51.
Abuzaid, & Abdelatif, A. D. (2022). Assessment of desertification using modified MEDALUS
model in the north Nile Delta, Egypt. Geoderma, 405, 115400–.
https://doi.org/10.1016/j.geoderma.2021.115400
Agır SU, Kutbay HG, Surmen B, Elmas E (2017) The efects of erosion and accretion on plant
communities in coastal dunes in north of Turkey. Rend Fis Acc Lincei 28:203–224
Akhtar-Schuster M., Stringer, L., Erlewein, A., Metternicht, G., Minelli, S., Safriel, U. and
Sommer, S. 2017. Unpacking the concept of land degradation neutrality and ad- dressing its
operation through the Rio Conventions. J. Environ. Manage., 195: 4-15
Akbari, M., Shalamzari, M. J., Memarian, H., & Gholami, A. (2020). Monitoring desertification
processes using ecological indicators and providing management programs in arid regions of
Iran. Ecological indicators, 111, 106011.
Al-Bakri, Brown, L., Gedalof, Z., Berg, A., Nickling, W., Khresat, S., Salahat, M., & Saoub, H.
(2016). Modelling desertification risk in the north-west of Jordan using geospatial and remote
sensing techniques. Geomatics, Natural Hazards and Risk, 7(2), 531–549.
https://doi.org/10.1080/19475705.2014.945102
Archer, S. R., & Predick, K. I. (2008). Climate change and ecosystems of the southwestern
United States. Rangelands, 30(3), 23-28.

77

awrc
Atalay I (2006) Soil formation, classification and geography. Forest Ministry publications AGM
in İzmir
Badreldin, N., Goossens, R., 2015. A satellite-based disturbance index algorithm for monitoring
mitigation strategies effects on desertification change in an arid environment. Mitig. Adapt.
Strategies Glob. Change 20, 263–276. https://doi.org/ 10.1007/s11027-013-9490-y.
Barakat, H. N. (2009). Arid lands: challenges and hopes. Earth System: History and Natural
Variability-Volume III, 3, 209
Basso B., De Simone L., Cammarano D., Martin E.C, Margiotta S., Grace P.R., Yeh M.L., Chou
T.Y. 2012. Evaluating responses to land degradation mitigation measures in Southern Italy.
International Journal of Environmental Research. Vol. 6 p. 367–380.
Belsky, A. J. (1995). Spatial and temporal landscape patterns in arid and semi-arid African
savannas. In Mosaic landscapes and ecological processes (pp. 31-56).
Bizzi, S., Demarchi, L., Grabowski, R., Weissteiner, C., Van de Bund, W., 2016. The use of
remote sensing to characterise hydromorphological properties of European rivers. Aquat. Sci. 78
(1), 57–70
Zhang, J., Nguyen, H. T., & Blum, A. (1999). Genetic analysis of osmotic adjustment in crop
plants. Journal of experimental Botany, 50(332), 291-302.
Boudjemline, & Semar, A. (2018). Assessment and mapping of desertification sensitivity with
MEDALUS model and GIS – Case study: basin of Hodna, Algeria. Journal of Water and Land
Development, 36(1), 17–26. https://doi.org/10.2478/jwld-2018-0002

78

Springer, Dordrecht.San Diego Bay National Wildlife Refuge, Sweetwater Marsh and South San
Diego Bay units [electronic resource] : final comprehensive conservation plan and environmental
impact statement / U.S. Fish and Wildlife Service. (2006).
Bryan, R.B. and Campbell, LA., 1986. Runoff and sediment discharge in a semi-arid drainage
basin. Z. Geomorphol., 58: 121-143.
Briassoulis, H. (2019). Combating land degradation and desertification: The land-use planning
quandary. Land, 8(2), 27.
Charney, J.G., 1975. Dynamics of deserts and drought in the Sahel. Q. J. Royal Meteorol. Soc.
101 (428), 193–202.
Chen, Z.J., Wang, L., Wei, A.S., Gao, J.B., Lu, Y.L., Zhou, J.B., 2019. Land-use change from
arable lands to orchards reduced soil erosion and increased nutrient loss in a small catchment.
Sci. Total Environ. 648, 1097–1104. https://doi.org/10.1016/j. scitotenv.2018.08.141.
Committee on Science and Technology ICCD/COP (8), 2007. Report of the fifth meeting of the
Group of Experts of the Committee on Science and Technology, Eighth Session. Conference of
the parties, Madrid, 4–6 September.
Costa, A.C., Soares, A., 2012. Local spatiotemporal dynamics of a simple aridity index in a
region susceptible to desertification. J. Arid Environ. 87, 8–18.
Cornet, A. (2002). Desertification and its relationship to the environment and development: a
problem that affects us all. World Summit on Sustainable Development, 100.
Cowie, A.L., Orr, B.J., Castillo Sanchez, V.M., Chasek, P., Crossman, N.D., Erlewein, A.,
Louwagie, G., Maron, M., Metternicht, G.I., Minelli, S., Tengberg, A.E., Walter, S., Welton, S.,
2018. Land in balance: the scientific conceptual framework for Land Degradation Neutrality.
Environ. Sci. Pol. 79, 25–35. https://doi.org/10.1016/j. envsci.2017.10.011

79

Cox DTC, Gaston KJ. 2018 Human –nature interactions and the consequences and drivers of
provisioning wildlife. Phil. Trans. R. Soc. B 373, 20170092. (doi:10.1092/rstb.2017.0092)
Daniel, G. B., & Colin, P. (2013). Land Use and Land Cover Change
Dervo, B. K., Bærum, K. M., Skurdal, J., & Museth, J. (2016). Effects of temperature and
precipitation on breeding migrations of amphibian species in southeastern
Norway. Scientifica, 2016.
Desert Renewable Energy Conservation Plan: Path Forward—Frequently Asked Questions, (June
2015) at 2, available at http://www.drecp.org/documents/faq_Path_Forward. pdf
Ding, D., Bao, H., & Ma, Y. (1998). Progress in the study of desertification in China. Progress in
Physical Geography, 22(4), 551-557.
D. L., Cross, P., Withers, P. J. A., DeLuca, T. H., Robinson, D. A., Quilliam, R. S., et al. (2013).
REVIEW: Nutrient stripping: the global disparity between food security and soil nutrient stocks.
Journal of Applied Ecology, 50(4), 851–862. https://doi. org/10.1111/1365-2664.12089
D'Odorico, P., Porporato, A., & Runyan, C. W. (Eds.). (2006). Dryland ecohydrology (Vol. 9).
Dordrecht, The Netherlands: Springer.
Duan, H., Wang, T., Xue, X., & Yan, C. (2019). Dynamic monitoring of aeolian desertification
based on multiple indicators in Horqin Sandy Land, China. Science of The Total Environment,
650, 2374-2388.
Dwevedi, A., Kumar, P., Kumar, P., Kumar, Y., Sharma, Y. K., & Kayastha, A. M. (2017). Soil
sensors: detailed insight into research updates, significance, and future prospects. In New
pesticides and soil sensors (pp. 561-594). Academic Press.
Eken, G., Bennun, L., Brooks, T.M., Darwall, W., Fishpool, L.D.C., Foster, M., Knox, D.,
Langhammer, P., Matiku, P., Radford, E., 2004. Key biodiversity areas as site conservation

80

targets.Bioscience54,1110–1118.http://dx.doi.org/10.1641/00063568(2004)054[1110:KBAASC]2.0.CO;2.
El-Beltagy, A., Madkour, M., 2012. Impact of climate change on arid lands agriculture. Agric.
Food Secur. 1, 3. https://doi.org/10.1186/2048-7010-1-3.
Edwards, A. J., & Canter, L. W. (1999). Impact indices for grazing actions. International Journal
of Environmental Studies, 56(4), 571-589.
Elston, J. J., & Hewitt, D. G. (2010). Intake of mast by wildlife in Texas and the potential for
competition with wild boars. The Southwestern Naturalist, 55(1), 57-66.
FAO. (2011). The state of the world's land and water resources for food and agriculture,
Managing system at risk.
FAO. (2012). The State of Food Insecurity in the World. Rome
Fearnside PM (2008) The roles and movements of actors in the deforestation of Brazilian
Amazonia. Ecol Soc 13:23–45
Farajzadeh, M., & Egbal, M. N. (2007). Evaluation of MEDALUS model for desertification
hazard zonation using GIS; study area: Iyzad Khast plain, Iran. Pakistan Journal of Biological
Sciences: PJBS, 10(16), 2622-2630.
Faulkner H. (1990) Vegetation cover density variations and infiltration patterns on piped alkali
sodic soils: Implications for the modelling of overland flow in semi-arid areas, in: Thornes J.B.
(Ed.), Vegetation and Erosion, Processes and Environments, Wiley, Chichester, UK, pp. 317–
346.
Fekadu, G., & Kumssa, T. (2020). Assessment of farmer’s perceptions on land degradation and
desertification and its impact on wildlife in Dhera district, Oromia, Ethiopia.
Geist, H.J., Lambin, E.F., 2004. Dynamic causal patterns of desertification. Bioscience 54 (9),
817–829.
81

Fearnside. (2008). The Roles and Movements of Actors in the Deforestation of Brazilian
Amazonia. Ecology and Society, 13(1), 23–. https://doi.org/10.5751/ES-02451-130123
Francis, C.F., Thornes, J.B., Romero-Diaz, A., Lopez-Bermtudez and Fisher, G.C., 1986.
Topographic control of soil moisture, vegetation cover and land degradation in a moisture
stressed Mediterrranean environment. Catena, 13:211-225.

Geist,H.J., & Lambin ,E.F. (2004). Dynamic casual patterns of desertification. Biosicence, 54(9)
,817-829furness
Giannini, A., Biasutti, M., Verstraete, M.M., 2008. A climate model-based review of drought in
the Sahel: Desertification, the re-greening and climate change. Glob. Planet. Change 64, 119–128
Harris, J. D.; Brown, P. L. (2009). Wildlife: Destruction, Conservation and Biodiversity. Nova
Science Publishers.
Helldén, U., 1991. Desertification: time for an assessment? Ambio 20, 372–383. Helldén, U.,
2008. A coupled human–environment model for desertification simulation and impact studies.
Glob. Planet. Change 64, 158–168
.
Huang, J., Minnis, P., Lin, B., Wang, T., Yi, Y., Hu, Y., … Ayers, K. (2006). Possible influences
of Asian dust aerosols on cloud properties and radiative forcing observed from MODIS and
CERES. Geophysical Research Letters, 33, L06824
Huang, Y., Wang, N., He, T., Chen, H., Zhao, L., 2009. Historical desertification of the Mu Us
Desert, Northern China: a multidisciplinary study. Geomorphology 110 (3–4), 108–117.
Ikpa, T.F., Dera, B.A., Jande, J.A., 2009. Biodiversity conservation: Why local inhabitants
destroy habitat in protected areas. Sci. World J. 4.

82

İmamoglu, A., & Dengiz, O. (2019). Evaluation of soil quality index to assess the influence of
soil degradation and desertification process in sub-arid terrestrial ecosystem. Rendiconti Lincei.
Scienze Fisiche e Naturali, 30(4), 723-734.
IPCC, T. (2001). Climate change 2001: synthesis report. Intergovernmental Panel on Climate
Change (IPCC), Geneva, Switzerland.
IPCC Intergovernmental Panel on Climate Change, 2014. Climate Change 2014: Synthesis
Report. Contribution of Working Groups I, II and III to the Fifth Assessment Report of the
Intergovernmental panel Panel on Climate Change [Synthesis Report]. https
://www.ipcc.ch/site/assets/uploads/2018/02/SYR_AR5_FINAL_full.pdf
IPCC, (2019). Summary for policymakers
.
In P. R. Shukla, J. Skea, E. C. Buendia, V. Masson‐Delmotte, H.‐O. Pörtner, D. C. Roberts, et al.
(Eds.), Climate change and land: An IPCC special report on climate change, desertification, land
degradation, sustainable land management, food security, and greenhouse gas fluxes in terrestrial
ecosystems
Karlen DL, Mausbach MJ, Doran JW, Cline RG, Harris RF, Schuman GE (1997) Soil quality: a
concept, defnition, and framework for evaluation. Soil Sci Soc Am J 61:4–10
Keesing, F., 1998. Impact of ungulates on the demography and diversity of small mammals in
central Kenya. Oecologia 116, 381–389.
Katyal, J. C., & Vlek, P. L. (2000). Desertification: concept, causes and amelioration (No. 33).
ZEF discussion papers on development policy.
Keesing, F. (1998). Impacts of ungulates on the demography and diversity of small mammals in
central Kenya. Oecologia, 116(3), 381-389.

83

Kosmas, C., Danalatos, N., Moustakas, N., Tsatiris B., Kallianou, Ch. and Yassoglou, N., 1993.
The impacts of parent material and landscape position on drought and biomass production of
wheat under semi-arid conditions. Soil Technology, 6: 337- 349.
KOSMAS C., FERRARA A., BRIASOULI H., IMESON A. 1999. Methodology for mapping
Environmentally Sensitive Areas (ESAs) to desertification. In: The MEDALUS project:
Mediterranean desertification and land use. Manual on key indicators of desertification and
mappping environmentally sensitive areas to desertification. Eds. C. Kosmas, M. Kirkby, N.
Geeson. European Uniion 18882 p. 31–4
Krausman, P. R., Rosenstock, S. S., & Turner, J. C. (2006). Mechanisms of thermoregulation and
water balance in desert ungulates. Wildlife Society Bulletin, 34(3), 570-581.
Langat, Kumar, L., & Koech, R. (2019). Monitoring river channel dynamics using remote
sensing and GIS techniques. Geomorphology (Amsterdam, Netherlands), 325, 92–102.
https://doi.org/10.1016/j.geomorph.2018.10.00
Lambin, E. F., Geist, H., Reynolds, J. F., & Stafford-Smith, D. M. (2009). Coupled humanenvironment system approaches to desertification: Linking people to pixels. In Recent advances
in remote sensing and geoinformation processing for land degradation assessment (pp. 23-34).
CRC Press.
Lamqadem, Pradhan, B., Saber, H., & Rahimi, A. (2018). Desertification Sensitivity Analysis
Using MEDALUS Model and GIS: A Case Study of the Oases of Middle Draa Valley,
Morocco. Sensors (Basel, Switzerland), 18(7), 2230–. https://doi.org/10.3390/s18072230
Lavado Contador JF, Schnabel S, Gómez Gutiérrez A, Pulido Fernández M (2009) Mapping
sensitivity to land degradation in Extremadura, SW Spain. Land Degrad Dev 20:129–144
Lejeune, Q., E. L. Davin, B. P. Guillod, and S. I. Seneviratne, 2015: Influence of Amazonian
deforestation on the future evolution of regional surface fluxes, circulation, surface temperature
and precipitation. Climate Dyn., 44, 2769–2786, https://doi.org/ 10.1007/s00382-014-2203-8.

84

Leopold, A. (1933). The conservation ethic. Journal of Forestry, 31(6), 634-643.
Le Houérou, H. N. (1996). Climate change, drought and desertification. Journal of arid
Environments, 34(2), 133-185.
Lubowski, R. N., Plantinga, A. J., & Stavins, R. N. (2006). Land-use change and carbon sinks:
econometric estimation of the carbon sequestration supply function. Journal of environmental
economics and management, 51(2), 135-152.
Maestre, F.T., Quero, J.L., Gotelli, N.J., et al., 2012a. Plant species richness and ecosystem
multifunctionality in global drylands. Science 335, 214–218. https://doi.
org/10.1126/science.1215442.
Maestre, F.T., Salguero-Gomez, R., Quero, J.L., 2012b. It is getting hotter in here: determining
and projecting the impacts of global environmental change on drylands. Philos Trans R Soc B
367, 3062–3075. https://doi.org/10.1098/rstb.2011.0323.
Martínez-Valderrama, J., Ibáñez, J., Alcalá, F. J., & Martínez, S. (2020). SAT: A Software for
Assessing the Risk of Desertification in Spain. Scientific Programming, 2020.
Maximillian, J., Brusseau, M., Glenn, E., & Mathias, A. (2019). Pollution and environmental
perturbations in the global system. Environmental and Pollution Science
Middleton, N., Thomas, D., 1997. World Atlas of Desertification. Arnold, London, UK.
Middleton, N. (2009). Deserts: a very short introduction (Vol. 215). Oxford University Press.
Mitchell, D.J., 1990. The use of vegetation and land use parameters in modelling catchment
sediment yields. In: J.13. Thomes (Editor), Vegetation and Erosion, Processes and Environments.
Wiley, Chichester, pp. 289-314.

85

Moser, S. C., Ekstrom, J., & Franco, G. (2012). Our Changing Climate 2012: Vulnerability &
Adaptation to the Increasing Risks from Climate Change in California: A Summary Report on
the Third Assessment from the California Climate Change Center. California Energy
Commission.
OECD. (2018). Monitoring land cover change. Manitoba, Canada
Owuor, S. O., Butterbach-Bahl, K., Guzha, A. C., Jacobs, S., Merbold, L., Rufino, M. C., ... &
Breuer, L. (2018). Conversion of natural forest results in a significant degradation of soil
hydraulic properties in the highlands of Kenya. Soil and tillage Research, 176, 36-44.
Önal, H., Wang, Y., Dissanayake, S. T., & Westervelt, J. D. (2016). Optimal design of compact
and functionally contiguous conservation management areas. European Journal of Operational
Research, 251(3), 957-968.
Pravalie, R., Bandoc, G., 2015. Aridity variability in the last five decades in the Dobrogea region,
Romania. Arid Land Res. Manag. 29, 265–287.
Prăvălie, R. (2016). Drylands extent and environmental issues. A global approach. Earth-Science
Reviews, 161, 259-278.
Q. Paris, The von liebig hypothesis, Am. J. Agric. Econ. 74 (1992) 1019–1028
Rapacciuolo, G., Maher, S. P., Schneider, A. C., Hammond, T. T., Jabis, M. D., Walsh, R. E., ...
& Beissinger, S. R. (2014). Beyond a warming fingerprint: individualistic biogeographic
responses to heterogeneous climate change in California. Global change biology, 20(9), 28412855.
Reynolds, J. F., & Stafford Smith, D. M. (2002). Do humans cause deserts. Global
desertification: do humans cause deserts, 1-21.

86

Reynolds, J.F., Stafford, S.D.M., Lambin, E.F., et al., 2007. Global desertification: building a
science for dryland development. Science 316, 847–851. https://doi.org/
10.1126/science.1131634.
Reis, A. C., Ramos, B., Pereira, A. C., & Cunha, M. V. (2021). The hard numbers of tuberculosis
epidemiology in wildlife: A meta‐regression and systematic review. Transboundary and
Emerging Diseases, 68(6), 3257-3276.
Rhodes, J. R., Ng, C. F., de Villiers, D. L., Preece, H. J., McAlpine, C. A. & Possingham, H. P.
(2011). Using integrated population modelling to quantify the implications of multiple
threatening processes for a rapidly declining population. Biological Conservation 144, 1081–
1088
Rich, L. N., Beissinger, S. R., Brashares, J. S., & Furnas, B. J. (2019). Artificial water
catchments influence wildlife distribution in the Mojave Desert. The Journal of Wildlife
Management, 83(4), 855-865.
Rickson, R. J., Deeks, L. K., Graves, A., Harris, J. A. H., Kibblewhite, M. G., & Sakrabani, R.
(2015). Input constraints to food production: The impact of soil degradation. Food Security, 7(2),
351–364. https://doi.org/10.1007/s12571-015-0437-x
Robb, G. N., McDonald, R. A., Chamberlain, D. E., & Bearhop, S. (2008). Food for thought:
supplementary feeding as a driver of ecological change in avian populations. Frontiers in
Ecology and the Environment, 6(9), 476-484.
Saetnan, E.R., Skarpe, C., 2006. The effect of ungulate grazing on a small mammal community
of southeastern Botswana. African Zoology 41, 9–16.
Safriel, U., Adeel, Z., Niemeijer, D., Puigdefabregas, J., White, R., Lal, R., Winslow, M.,
Ziedler, J., et al., 2005. Chapter 22: Dryland Systems. Millennium Ecosystem Assessment –
Ecosystems and Human Well-Being. World Resources Institute, Washington DC, United States.

87

Salma B, Mubashar H. Wildlife in the perspective of environmental degradation Journal of
Entomology and Zoology Studies 2016; 4:508-511.
Santini, Caccamo, G., Laurenti, A., Noce, S., & Valentini, R. (2010). A multi-component GIS
framework for desertification risk assessment by an integrated index. Applied Geography
(Sevenoaks), 30(3), 394–415. https://doi.org/10.1016/j.apgeog.2009.11.00
Schimel, D.S., 2010. Drylands in the Earth system. Science 327, 418–419. https://doi.
org/10.1126/science.1184946.
Seddon, A.W.R., Macias-Fauria, M., Long, P.R., Benz, D., Willis, K.J., 2016. Sensitivity of
global terrestrial ecosystems to climate variability. Nature 531, 229–232. https://
doi.org/10.1038/nature16986.
Seneviratne, S.I., Corti, T., Davin, E.L., Hirschi, M., Jaeger, E.B., Lehner, I., Orlowsky, B.,
Teuling, A.J., 2010. Investigating soil moisture–climate interactions in a changing climate: a
review. Earth-Sci. Rev. 99 (3–4), 125–161.
SEPEHR A., HASSANLI A.M., EKHTESASI M.R., JAMALI J.B. 2007. Quantitative
assessment of desertification in south of Iran using MEDALUS method. Environmental
Monitoring and Assessment. Vol. 11134. Iss. 1–3 p. 243–25
Sivakumar, M.V.K., 2007. Interactions between climate and desertification. Agr.Forest Meteorol.
142 (2–4), 143–155
Smith, P., House, J.I., Bustamante, M., Sobock´ a, J., Harper, R., Pan, G., West, P.C., Clark,
J.M., et al., 2016. Global change pressures on soils from land use and management. Global
Change Biol. 22, 1008–1028.
Sobhani, A., Asgari, H. R., Noura, N., Ownegh, M., & Sakieh, Y. (2017). Application of landuse management scenarios to mitigate desertification risk in northern Iran. Environmental Earth
Sciences, 76(17), 1-15.
88

Sousa, F. P., Ferreira, T. O., Mendonça, E. S., Romero, R. E. & Oliveira, J. G. B. Carbon and
nitrogen in degraded Brazilian semi-arid soils undergoing desertifcation. Agric. Ecosyst.
Environ. 148, 11–21 (2012)
Stoorvogel, J. J., Smaling, E. M. A., & Janssen, B. H. (1993). Calculating soil nutrient balances
in Africa at different scales. Fertilizer Research, 35(3), 227–235.
https://doi.org/10.1007/BF00750641
Sun, W., Song, X., Mu, X., Gao, P., and Zhao, G. (2015). Spatiotemporal vegetation cover
variations associated with climate change and ecological restoration in the Loess Plateau. Agr.
Forest Meteorol. 209 (1), 87–99. doi: 10.1016/j.agrformet. 2015.05.002
Tang, Z.‐S., An, H., & Shangguan, Z.‐P. (2015). The impact of desertification on carbon and
nitrogen storage in desert steppe ecosystem. Ecological Engineering, 84, 92–99.
T. L. Thurow, "Hydrology and Erosion", Grazing Management: An Ecological Perspective
(Timber Press, Portland, Oregon, 1991) pp. 141-159
Tao, W. Aeolian desertification and its control in Northern China. Int. Soil Water Conserv. Res.
2014.
T. G. Barnes, R. K. Heitschmidt and L. W. Varner, "Wildlife", Grazing Management: An
Ecological Perspective (Timber Press, Portland, Oregon, 1991) pp. 179-189.
Thornes, J.B., 1988. Erosional equilibria under grazing. In: Bintliff, J., Davidson, D., Grant, E.
Eds. , Ž . Conceptual Issues in Environmental Archaeology, Edinburgh University Press, pp.
193–210.
Tran, D., Lewis, R., Lu, J., & Mills, J. (2010). Population & Natural Resources case study: Is
population growth responsible for the loss of rainforests?

89

Trotta, C., Menegoni, P., Manfredi Frattarelli, F. M., & Iannetta, M. (2015). Assessing
desertification vulnerability on a local scale: the Castelporziano study case (central
Italy). Rendiconti Lincei, 26(3), 421-450.
Tucker, C.J., Dregne, H.E., Newcomb, W.W., 1991. Expansion and contraction of the Sahara
Desert from 1980 to 1990. Science 253 (5017), 299–300.
UNCCD, “United Nations convention to combat desertification in countries experiencing serious
drought and/or desertification, particularly in Africa,” International Legal Materials, vol. 33, no.
5, pp. 1328–1382, 1994.
UNCCD, 2016. The UNCCD: Securing Life on Land (2016–2017). United Nations Convention
to Combat desertification.
United Nations. (2017). World Population Prospects: The 2017 revision. Department of
Economic and Social Affairs, Population Division
Usher, M. B. (1986). Wildlife conservation evaluation: attributes, criteria and values. In Wildlife
conservation evaluation (pp. 3-44). Springer, Dordrecht
Martínez-Valderrama, J., Guirado, E., & Maestre, F. T. (2020). Unraveling misunderstandings
about desertification: The paradoxical case of the Tabernas-Sorbas basin in Southeast
Spain. Land, 9(8), 269.
Vera, M., Sierra, M., Díez, M., Sierra, C., Martínez, A., Martínez, F. J., & Aguilar, J. (2007).
Deforestation and land use effects on micromorphological and fertility changes in acidic
rainforest soils in Venezuelan Andes. Soil and Tillage Research, 97(2), 184-194.
Vieira, R. M. D., Tomasella, J., Barbosa, A. A., Martins, M. A., Rodriguez, D. A., Rezende, F.
S., ... & Santana, M. D. (2021). Desertification risk assessment in Northeast Brazil: Current
trends and future scenarios. Land Degradation & Development, 32(1), 224-240

90

Wang, X., Yang, Y., Dong, Z., Zhang, C., 2009. Responses of dune activity and desertification in
China to global warming in the twenty-first century. Global Planet. Change 67 (3–4), 167–185.
Wang, X., Li, Y., Wang, X., Li, Y., Lian, J., & Gong, X. (2021). Temporal and Spatial Variations
in NDVI and Analysis of the Driving Factors in the Desertified Areas of Northern China from
1998 to 2015. Front. Environ. Sci, 9, 633020.
Warren, A., & Agnew, C. (1988). An assessment of desertification and land degradation in arid
and semi-arid areas (No. 2). London: International Institute for Environment and Development.
Wiesman, Z. (2009). Desert olive oil cultivation: Advanced biotechnologies. Retrieved from
https://ebookcentral.proquest.com
WIJITKOSUM S., YOLPRAMOTE K. 2013. Clustering soil properties for appropriate soil
improvement in Huay Sai Royal Development Study Center, Thailand. In: 6th TSAE
International Conference; 1–4.04.2013 Hua Hin, Thailand. SWE- 03 p. 175–178
WIJITKOSUM S., KROUTNOI L., YOLPRAMOTE K. 2013. Factors affecting the
desertification in Huay Sai Royal Development Study Center, Thailand. Journal of
Environmental Research and Development. Vol. 7. No 4 p. 1439–1443
Zakerinejad, R., & Masoudi, M. (2019). Quantitative mapping of desertification risk using the
modified MEDALUS model: a case study in the Mazayejan Plain, Southwest Iran. Auc
Geographica, 54(2), 232-239.
Zampoli M (2007) I processi di erosione del suolo: un’analisi a scala di bacino, PhD Thesis in
Valutazione e Mitigazione del Rischio Ambientale, University of Naples Federico II, p 181
Zhang, J., Nguyen, H. T., & Blum, A. (1999). Genetic analysis of osmotic adjustment in crop
plants. Journal of experimental Botany, 50(332), 291-302.

91

Zhang, J.G.; Xu, X.W.; Zhao, Y.; Lei, J.Q.; Li, S.Y.; Wang, Y.D. Effect of shifting sand burial
on soil evaporation and moisture–salt distribution in a hyper-arid desert. Environ. Earth Sci.
2016, 75, 1–10
Zhao, H. L. et al. Efects of desertifcation on soil organic C and N content in sandy farmland and
grassland of Inner Mongolia. Catena 77, 187–191 (2009).

.
.

92

